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Preface

The serial publication United States Earthquakes was initiated in 1928, 3 years 
after the Coast and Geodetic Survey was given authority by Congress to make 
earthquake investigations and reports. The present volume is a reprint of those 
earthquake reports published from 1936 through 1940 by the Coast and Geodetic 
Survey.

There has been no attempt to correct or revise the material contained in the 
present volume. However, some additions and corrections to previous issues are 
listed in reports for the following years: 1936, p. 44; 1937, p. 54; 1938, pp. 57-58; 
1939, p. 55; and 1940, p. 54.

At the present time, issues for the years 1941 through 1945 are out of print. 
Because the earthquake reports contained in these issues are essential to the com 
plete seismic history of this country, a limited number of copies will be made 
available in the future under the title, United States Earthquakes, 1941-1945.

Copies of the annual United States Earthquakes series for the years 1946-1966 
are available from the National Earthquake Information Center, Coast and 
Geodetic Survey, Rockville, Md. 20852.

Those desiring copies of the reprint United States Earthquakes, 1928-1935, 
may obtain them by writing the Superintendent of Documents, Government 
Printing Office, Washington, D.C 20402. The price of this paperbound reprint 
is $1.75.
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UNITED STATES EARTHQUAKES, 1936

INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1936. The history of the more important shocks of the country ap 
pears in two publications of the Bureau, Special Publication No. 149, 
Earthquake History of the United States Exclusive of the Pacific 
Region, and Special Publication No. 191, Destructive and Near 
Destructive Earthquakes in California and Western Nevada, 1769- 
1933. The former publication has been revised and numbered 
Serial 609 and should be available for distribution about the same 
time this publication is released. It will cover the history of the more 
important shocks through 1937 and will include chapters on the 
Washington-Oregon region and Alaska. The title will be slightly 
changed so that it will clearly indicate that, combined with the Cali 
fornia publication, it will form a complete earthquake history of the 
country, including Alaska, through 1937. The new title of Serial No. 
609 will be '/Earthquake History of the United States. Part I: Con 
tinental United States (Exclusive of California and Western Nevada) 
and Alaska." When a new edition of Special Publication No. 191 
becomes necessary, it will also bear Serial No. 609 and be known as 
Earthquake History of the United States. Part II: Destructive 
and Near-Destructive Earthquakes in California and Western 
Nevada.

The history of minor activity is covered largely in a series of refer 
ences listed in Special Publication No. 149, in recent serial reports 
of the U. S. Coast and Geodetic Survey, in the Holden and McAdie 
catalogs ! of the Pacific coast earthquakes, and in a forthcoming 
publication of the Seismological Society of America. The last three 
of these publications also give very detailed information for all 
California earthquakes.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
local seismological institutions as indicated in the lists of earthquakes 
for those regions. Earthquakes adjacent to the United States and 
felt within its borders are described only in a general way when de 
tailed descriptions are published elsewhere.

Beginning with this issue an epicenter map of the United States will 
appear in each annual report of the series showing all of the more im 
portant earthquakes of the country through the year covered by the 
report.

Cooperation of investigators solicited. -In order that these publica 
tions may be as complete as possible in the more important details of

i Smithsonian Miscellaneous Collections, 1089. A Catalog of Earthquakes on the Pacific Coast, 1769- 
1897. Edward S. Holden. Smithsonian Miscellaneous Collections, 1721. Calatog of Earthquakes on the 
Pacific Coast, 1897-1906. Alexander G. McAdie.
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earthquakes and in references, it is desired that investigators cooperate 
to the fullest extent, as such cooperation will be to the mutual ad 
vantage of everyone concerned. The Bureau is willing to furnish 
investigators all information at its disposal, consisting principally of 
seismographic records and post-card questionnaires obtained in many 
instances through special canvassing of affected areas. In return it is 
requested that advance notices be furnished of results obtained so that 
abstracts and references may be inserted in these reports. An ad 
vance notice of a planned investigation might save considerable over 
lapping of effort and would give wider publicity to the work of the 
investigator.

The noninstrumental information has been furnished by a large 
number of individuals and organizations whose voluntary cooperation 
has made it possible to prepare descriptions of the earthquakes of this 
country with a completeness and accuracy never before attained. 
Lack of space prohibits giving individual credit to all of the coopera- 
tors. The principal sources of information are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The Seismological Field Survey of the Bureau at San Francisco, cooperating with 

the Seismological Laboratory of the Carnegie Institution and California Institute 
of Technology (H. O. Wood, research associate, in charge), University of Cali 
fornia (Perry Byerly in charge of the Seismological station), and Stanford Univer 
sity. Among the commercial agencies on the west coast rendering valuable 
services are telephone, power, oil, railroad, and especially insurance companies. 
Certain concerns interested in the earthquake-resistant qualities of their products 
are also active, together with various organizations of structural engineers and 
architects.

The reports from Alaska are due largely to the efforts of Dr. C. E. Bunnell, 
president of the University of Alaska.

Press dispatches received through the courtesy of Georgetown University.
Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seismological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and Geo 
detic Survey, or its Seismological Field Survey at San Francisco, can 
vasses areas affected by shocks of unusual intensity, unless such work 
is undertaken by other organizations such as the Jesuit Seismological 
Association or by State and other interested geologists. In this way 
the extent and the maximum intensities of all heavy shocks are de 
termined and the data are usually sufficient to construct isoseismal 
maps or, at least, maps of the affected areas. The Seismological 
station of the University of California, Berkeley, and the Seismological 
laboratory of the Carnegie Institution of Washington and the Cali 
fornia Institute of Technology, at Pasadena, cooperate actively in the 
canvassing program arranged especially for the Pacific coast region

Notes on the regional earthquake tabulations. The destructive fea 
tures of all shocks are enumerated in the abstracts, but otherwise the 
descriptive matter is reduced to a minimum. The original reports are 
open for inspection by anyone interested in unpublished details. 
More detailed descriptions of earthquakes on the west coast will be 
found in mimeographed reports available at the San Francisco field 
station.

Beginning with the 1931 number of this series, Serial No. 553, the 
Coast pnd Geodetic Survey has used and will continue to use the modi 
fied Mercalli intensity scale of 1931, in place of the Rossi-Forel scale,
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to designate the intensity of earthquake activity. All intensity 
numbers therefore refer to the new scale unless otherwise designated. 
The reasons for this change are set forth in an article entitled "Modi 
fied Mercalli Intensity Scale of 1931," by Harry O. Wood and Frank 
Neumann, in the December 1931 number of the Bulletin of the Seis- 
mological Society of America, volume 21, No. 4. This article contains 
the original unabridged scale and also an abridged scale. The latter 
is given here, together with equivalent intensities according to the 
Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931

(Abridged)

I. Not felt except by a very few under especially favorable circumstances.
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. Vibration like passing of truck. Duration 
estimated. (Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make creaking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V R.ossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motor cars. (VIII Rossi-Forel 
scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built structures. 
Panel walls thrown out of frame structures. Fall of chimneys, factory 
stacks, columns, monuments, walls. Heavy furniture overturned. 
Sand and mud ejected in small amounts. Changes in well water. Dis 
turbs persons driving motor cars. (VIII + to IX  Rossi-Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with par 
tial collapse. Buildings shifted off foundations. Ground cracked con 
spicuously. Underground pipes broken. (IX + Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumental 
report and is reliable. In other instances quite large deviations are 
frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States nor are minor
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aftershocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the seismological station 
of the University of California under the direction of Prof. Perry 
Byerly or the seismological laboratory of the Carnegie Institution and 
the California Institute of Technology, at Pasadena, under the direc 
tion of H. O. Wood. The bulletins of these institutions should be 
consulted for further details and often additional shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used except in table 1, 
"Summary of Instrumental Epicenters."

Within the United States the same regional arrangement has been 
followed as in the revised edition of Special Publication No. 149, 
previously mentioned.

Special report. Attention is invited to a special quarterly report 
issued by the Bureau's Seismological Field Survey, with headquarters 
at San Francisco, entitled "Abstracts of Earthquake Reports for the 
Pacific Coast and the Western Mountain Region." The reports are 
in mimeographed form and tabulate in unabridged style all informa 
tion contained in noninstrumental reports collected in the region 
indicated.

INSTRUMENTAL RESULTS

Teleseismic results. Epicenters given in the noninstrumental re 
sults and in the tabulation on page 27 have been determined at the 
Washington office unless otherwise stated. Quite often they represent 
the mean of the positions determined by the Bureau and the central 
station of the Jesuit Seismological Association cooperating with 
Science Service. Immediate epicenter determinations from telegraphic 
reports are frequently made through the cooperation of these insti 
tutions and individual seismograph stations and the results broadcast 
without delay to Europe and points in the Pacific. As the published 
epicenters are based on only a portion of the available data, they 
must be considered provisional.

Attention is called to the mimeographed reports of the Bureau 
listing the detailed seismographic results obtained at its own stations 
and a large number of cooperating stations. The tabulated "Summary 
of instrumental epicenters" on page 27 is abstracted from these 
monthly reports.

Strong-motion results. The introductory remarks in the chapter 
on this subject explain in detail the purpose of the work, which is 
primarily to furnish engineers exact information concerning ground 
movements in the central regions of strong earthquakes. The instru 
mental equipment is essentially different in type from teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a strong 
earthquake.
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The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of seismological research being carried out on the Pacific coast 
between the Bureau and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Bureau's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-35."

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication because it 
provides a ready means of recording them.



NONINSTRUMENTAL RESULTS
EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: A slight local shock on January 12 and a strong one on February 14.
California: Moderately strong or widespread shocks occurred on February 23, 

May 10, June 3, September 23 and 24, and December 25. In addition, there was 
unusual seismic activity during May in the Mount Lassen region. The usual 
number of minor tremors were reported.

Georgia: A slight shock near the North Carolina border on January 1.
Idaho: A slight shock on January 14.
Missouri: Slight local shocks on February 16 and December 20.
Montana: In the Helena area moderate to strong shocks occurred on May 13, 

21, June 3, 11, 12, 14, July 29, September 4, October 9, and December 13, a few 
of them strong enough to cause slight additional damage. In the Marysville 
area there was considerable activity in March and October and a sharp jolt on 
June 22. Moderate shocks occurred elsewhere on January 11, February 6, 14, 15, 
June 27, September 7, and October 31. See page 56 of Serial No. 600 "United 
States Earthquakes, 1935" for chart showing total number of aftershocks recorded 
at Helena in 1936.

Nevada: Six shocks were reported at Reno on May 9-10; 12 weak to fairly 
heavy shocks in the Boulder Dam area in September, November, and December; 
and two slight shocks near Winnemucca on September 20 and 21.

New Hampshire: Moderate shocks on June 14 and November 8.
New Mexico: Strong local shock on January 7, two weak ones on September 9.
New York: Moderate shock on June 20.
North Carolina: A slight shock near the Georgia border on January 1. (Also 

listed under Georgia.)
Ohio: Local disturbance of doubtful seismic origin on January 31.
Oklahoma: Slight shocks on March 14 and July 11.
Oregon: Strongest shock of the year centered near Washington border near 

Walla Walla, on July 15. Affected area more than 100,000 square miles. In 
tensity VII with some damage. Many aftershocks.

Pennsylvania: Weak local shock on August 26.
South Carolina: Weak local shock on December 29.
South Dakota: Slight local shock on October 30.
Tennessee: Slight shock on August 2.
Texas: A widespread shock in the Panhandle region on June 19; two local 

shocks in El Paso on August 7 and October 15.
Utah: Moderate shocks on May 9 and September 2.
Vermont: Weak shock on November 8.
Virginia: Slight local shock on April 9.
Washington: The destructive earthquake of July 15 was felt over a large part 

of the State and caused slight damage in the epicentral region within the State. 
Aftershocks were also felt. In the Puget Sound area slight to fairly strong shocks 
were reported on March 22, June 20, 20, July 24, 25, and 26.

Wyoming: Slight to moderate shocks on January 14 and October 24.
Alaska: One of the strongest shocks in several years occurred on October 22 

along the south central coast. About 60 other shocks reported were fairly uni 
formly distributed throughout the year.

Hawaii: Only five shocks are listed, all of them in the active volcanic region of 
the Island of Hawaii.

Philippine Islands: Fifteen shocks are listed, none of them of outstanding 
character.

Puerto Rico: Only two local shocks are listed.
Panama Canal Zone: Nine shocks are listed, but only one, on May 6, was 

strong enough to cause slight damage and considerable alarm.
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NORTHEASTERN REGION

[75th Meridian or eastern standard time]

NOTE. In recent years a number of high-grade seismographs designed especially for recording local shocks 
have been installed in the Northeastern region, greatly enhancing our knowledge of prevailing seismic activi- 
ity and the locations of seismic foci. The records of all seismographic stations in the region should therefore 
be consulted for additional information. In the following list "Harvard" refers to reports issued by the 
Harvard Seismograph Station at the Oak Ridge Observatory, Harvard, Mass.

June 14; 0:40.* Felt throughout a wide area in central New Hampshire, 
according to Harvard.

June 20: Late at night. Mountain View, N. Y. Five distinct shocks, the 
first about 22:40 and the last about an hour later. The third and fifth were the 
strongest: they are reported to have made a hanging lamp sway so hard that it 
struck a rafter. At about the same time an earthquake was felt weakly along 
Point Salubrious, near Chaumont. Not felt at Malone or Watertown, N. Y.

November 8: 21:46.* Weak shock in the region of Lake Winnepesaukee, 
N. H. Epicenter about 43°33' north, 71°26' wesu, according to Harvard. V at 
Lakeport, N. H., where the shock seemed like an explosion. Felt also at Belmont, 
Franklin, Laconia, and Tilton, N. H. See the following report for further notes.

November 8: 23:02.* Weak shock in northern Vermont. Epicenter about 
44°39' north, 71°40' west, according to Harvard. Felt at St. Johnsbury, Vt., 
and at Colebrook and Lancaster, N. H. This earthquake and the preceding one 
are discussed in an article, "The New Hampshire Earthquakes of November 9, 
1936, and Further Data on New England Travel Times," by Mary P. Collins, 
Bulletin of the Seismological Society of America, vol. 27, April 1937, page 99.

EASTERN REGION

[75th meridian or eastern standard time]

January 1: about 3: . Border of North Carolina and Georgia, III. Epi 
center probably between Murphy, N. C., and Blue Ridge, Ga., according to the 
State Division of Geology at Atlanta, Ga. Felt at Blue Ridge, Ellijay, and 
Cleveland, Ga.; at Isabella, Tenn.; and at Murphy, N. C.

April 9: 7:42.* Charlottesville, Va. Very slight.
August 26: about 3:55 to 4:05. Greenville, Pa. Weak.
December 29: 22:50. Summerville, S. C. Weak.

CENTRAL REGION

[90th meridian or central standard time]

January 31: About 1:30. Tiffin, Ohio. Heavy rumbling awakened scores. 
Possibly an explosion.

February 16: 23:05.* Local shock felt at Hayti, Mo.
March 14: 11:20. Weak shock in southeastern Oklahoma. V at Valliant and 

Wright City, Okla., where many were alarmed. IV at Broken Bow, Golden, 
Idabel, Millerton, and Rupe, Okla. Ill at Manchester, Tex. Not felt at Boss, 
Eagletown, Fort Towson, Harris, Haworth, Hochatown, Ringold, or Sawyer, 
Okla., nor at Bryarly, Medill, or Woodland, Tex.

June 19: 21:24.* Texas Panhandle region, V+. Area of perceptibility about 
40,000 square miles, as shown on the accompanying maps. Prof. E. H. Sellards, 
of the Bureau of Economic Geology of the University of Texas, made a survey of 
the affected area and placed the epicenter in or near Borger, Tex. The seismologi- 
cal station at St. Louis reports it slightly to the east of this location, at about 35.7° 
north, 100.3° west. The earthquake was preceded by two slight foreshocks, which 
were recorded instrumentally at St. Louis, at 21:14 and 21:18, the second of which 
was the stronger and was felt by some observers in the affected area.

According to Prof. Sellards, "The controlling underground structural feature of 
the Panhandle region is the buried Amarillo mountain chain which trends aproxi- 
mately east-west. The place of maximum intensity of this earthquake was on 
the north flank of this mountain structure and in part in the accompanying syn- 
cline of the Anadarko basin to the north. The known lines of faulting in this 
region trend WNW-ESE. 1 So far as can be judged from available records, it does 
not appear that this earthquake represents slippage on any known line of faulting."

The earthquake was recorded by seismographs at Austin, Tex.; St. Louis, and 
Florissant, Mo.; Des Moines, Iowa; and Tuscon, Ariz.

i See structural map accompanying University of Texas Bulletin 3401, The Geology of Texas, vol. II, 
Structural and Economic Geology, 1935 (1936).
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INTENSITY V IN TEXAS:

Gruver. Shook old rock house severely.
White Deer. House felt as if it would come to pieces if quake lasted much 

longer.
Whittenberg. Press reports that the shock seemed severest here. One man 

reports being thrown to ground.

INTENSITY V IN OKLAHOMA!

Kenton. Anomalous reports: Felt by several, few or none alarmed, article- 
shook and rattled slightly, no damage to buildings. Some plaster cracked and 
loosened, vertical cracks in some stone walls, also some cracks in rocks of the 
Black Mesa; a spring which had been giving a good flow went dry after the earths 
quake.

104° 102° 100° 98°

34° 34'

104° 102 100°

FIGURE 3. Area affected by the Texas Panhandle earthquake of June 19,1936.

INTENSITY V IN KANSAS:

Elkhart. Felt by many. Objects displaced. Slight damage to buildings.
Intensity IV in Texas: Amarillo, Boydston, Farnsworth, Hunton, Sefors, 

Memphis, Pampa, Panhandle, Sanford, Turkey.
Intensity IV in Oklahoma: Elmwood, Guyman, Texhoma.
Intensity IV in Kansas: Liberal.
Intensity III and under in Texas: Darraugett, Kingsville, Mendota, Morse, 

Plainview, Roxanna.
Intensity III and under in Oklahoma: Beaver, Boise City, Hardesty, Hooker, 

Shattuck, Woodward,
Intensity III and under also in Sublett and Ulysses, Kans.; and Richards, 

Colo. Felt, intensity not reported, at Goodwill and Optima, Okla., and at 
Borger and Hereford, Tex. Not felt at Abilene, Dallas, El Paso, or San Antonio, 
Tex.; at Arnett, Okla.; at Concordia, Dodge City, or Plains, Kans.; nor in New 
Mexico.

July 11: 18:23. Kenton, Okla., slight. Also felt a few miles to the east and 
north. Not felt at Clayton or Moses, N. Mex., nor at Campo, Colo.

August 2: 16:15? Tiptonville, Tenn., and Cairo, 111., slight shock felt.
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August 7: 19:40. El Paso, Tex. Weak shock not felt elsewhere. 
October 15: El Paso, Tex. "Earth tremor" shortly before noon. No details. 
October 30: About 4:30. Hot Springs, S. Dak. Slight shock not felt 

elsewhere.
December 20: 16:41.* Cape Girardeau, Mo. Slight.
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FIGURE 4. Isoseismal map of the Texas Panhandle earthquake of June 19, 1936.

WESTERN MOUNTAIN REGION

[105th meridian or mountain time]

NOTE. Only the more important of the aftershocks of the Helena, Mont., earthquakes of October 1935 
are listed. Complete lists of the reports received are available in mimeographed form from the Director 
of the U.S. Coast and Geodetic Survey, Washington, D. C., and from W. E. Maughan in charge of the local 
office of the Weather Bureau at Helena. Mont., who compiled the data.

Janucry 7: 23:44.* Carlsbad, N. Mex. Felt by few; press reports some 
property damage.

January 11: 11:02. Great Falls, Mont. V. Felt also at Highwood, Mont., 
but not at Augusta, Cascade, Fairfield, Havre, or Helena, Mont.

January 12:  : . Grand Canyon, Ariz. Noticeable earth tremor lasting 
about 5 seconds, with decided rumbling noise. Continued vibrations for about 
10 minutes.

January 14: 11:05. Malad, Idaho. Weak.
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January 14: 21:40. Yellowstone Park, Wyo., south entrance. Cracked two 
brick chimneys for several feet and moved small objects. Rocked beds at Moran, 
Wyo. Not felt at Jackson, Wyo.

February 6: 16:10. Eight miles east of Corvallis, Mont. Far more severe 
than any previously felt here. Sounded like a subterranean explosion. Felt 
weakly at Deer Lodge, Hamilton, and Philipsburg, Mont.

February 13: 10:30. Lewistown, Mont. Felt. No details.
February 13: 16:55. Helena, Mont. Strong. Felt also at Butte, Great 

Falls, and Hamilton.
February 13: 17:30. Helena, Mont. Strong. Caused some minor damage 

and much alarm. Felt also at Lewistown, Livingston, and Missoula. Recorded 
on the accelerograph at Helena.

February 14: 10:30. Lewistown, Mont. Slight.
February 15:  : . Polebridge Ranger Station on west border of Glacier 

National Park, Mont. Felt. No details.
February 24:  : . Shortly before midnight. Kingman, Ariz. Slight 

shock. Telephone communication with Needles, Calif., broken. Not felt at 
Needles.

March 25: Marysville, Mont. Felt a great number of quakes in past few 
weeks, often at intervals of as little as 5 minutes, three of them as long and hard 
as the shock of October 12, 1935. Subsided considerably, to about six or eight a 
day, in the last week.

May 9: 3:25. Two earthquakes at Zion National Park, Utah, where a crack 
in a rock wall of one building opened and a vase was knocked to the floor. Felt 
also at Cedar City, Kanab, and OrderviHe, Utah.

May 13: 7:06. Helena, Mont. Strong.
May 21: 19:19. Helena, Mont. Strong.
June 3: 1:31. Helena, Mont. Strong.
June 11: 16:13. Helena, Mont. Strong. Very slight widening of cracks in 

walls previously damaged. Recorded on the accelerograph at Helena. Felt 
quite strongly at Birdseye, Mont. Not felt at Billings, Butte, Great Falls, or 
Missoula, Mont.

June 12: 4:40. Helena, Mont. Strong. Caused slight widening of cracks 
in walls previously damaged. Recorded on the acclerograph at Helena.

June 14: 8:03. Helena, Mont. Strong.
June 21: 11:15. Seven miles east of Lincoln, Mont. Weak shock generally 

felt in Blackfoot Valley but not at Helena.
June 22: 20:30. Marysville, Mont. A hard shock felt here but not at 

Helena.
(This and the preceding shocks indicate separate and smaller seismic foci. 

Their northerly position points to a possible condition of progressive faulting 
along the fault which continues northward from Helena toward Glacier Park.)

July 29: 4:27. Helena, Mont. Moderate. Felt also at Butte and Great 
Falls, Mont.

September 2: 16:37. Kimberly, Utah. Weak.
September 4: About 2:00 and afterward. Greenfields' ranch, &% miles north- 

northwest of Helena. Considerable rumbling.
September 7: 4:48.* Boulder Dam. Weak. Several rocks fell in road 

about 1 mile toward Boulder City, Nev., from the plant. Awakened some at 
Boulder City.

September 7: 16:30. Weak shock at West Yellowstone, Mont., and at Mam 
moth Hot Springs, Wyo.

September 8: About 10:48. Boulder City, Nev. Very slight.
September 9: 5:55 and 5:57. Albuquerque, N. Mex. Two weak shocks.
September 18: 20:38.* Boulder Dam power plant. Weak.
September 18: 20:50. Boulder Dam power plant. Weak. (Pasadena 

reports two shocks at about this time and place, namely, one at 20:38 of intensity 
3.5 on the Pasadena scale; the other at 20:51 of intensity 3.)

September 19: 5:29.* Boulder Dam power plant. Weak.
Sept ember 19: 21:13.* Boulder Dam power plant. "Fairly heavy."
September 20: 22:27. Boulder Dam. Weak. (Pasadena reports an earth 

quake at 22:28 in the general region of northern Nevada.)
September 20: 23:22.* Winnemucca, Nev. Slight.
September 21: 0:32.* Beowawe and Winnemucca, Nev. Weak.
October 9: 3:21.* Helena, Mont. Strongest shock since June 12.
October 24: 2: , and 5:34. Star Valley in western Wyoming experienced 

two shocks, each accompanied by a rumble.
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October 31: 22:00 to 23:00. Kenwood, Mont. Loud roars and mild quivering 
during practically the entire hour.

October. Lost Horse Gulch, west of Marysville, Mont. Earthquake tremors 
being felt almost daily.

November 25: 0:28. Boulder Dam power plant. Slight.
December 5:. 23:23. Boulder Dam power plant. "Sharp shock."
December 5: 23:25. Boulder Dam power plant. Slight.
December 7: 23:48. Boulder Dam power plant. Very sharp. Preceded 

by pronounced rumble. Felt at Boulder City.
December?: 23:49. Boulder Dam power plant. Slight.
December 13: 23:53. Helena, Mont. Moderate. Felt at several places in 

the valley.
CALIFORNIA AND WESTERN NEVADA

[120th meridian or Pacific standard time]

NOTE. All places are in California unless otherwise stated. "Berkeley" refers to the seismological 
station of the University of California at Berkeley; Perry Byerly in charge. "Pasadena" refers to the 
Seismological Laboratory of the Carnegie Institution of Washington and the California Institute of Tech 
nology at Pasadena; H. O. Wood in charge.

January 1: 6:10. Mullett Island, Salton Sea, VI. Most severe of a series 
of nearly 50 shocks felt in past week. Windows shattered; plaster cracked. IV 
or V at Calipatria. Felt at Niland. Felt slightly at Brawley and other 
Imperial Valley towns.

January 1: 7:57*. Epicenter 33°37' north, 118°02' west, according to 
Pasadena. Felt weakly at Huntington Beach, Long Beach, and Seal Beach.

January 3: Niland, four minor shocks. One mile west of the city and near 
the mud pots, which are believed to be the center of the tremors, a brick chimney 
was hurled over the roof of a house. Walls cracked in brick hotel and adobe store 
building. Five miles south of the mud pots new ones opened up and mud was 
thrown 100 feet.

January 6: 22:30. San Francisco, IV. Not reported from outside San 
Francisco.

January 6: 22:36.* Epicenter 34°06' north, 117°24' west, according to 
Pasadena. IV at San Bernardino. Felt throughout the orange belt.

January 6: 22:58.* Epicenter very near Lake Merced, San Francisco, 
according to Berkeley. Felt by several in San Francisco. Felt in San Raphael 
as a single vertical jolt.

January 21: 5:42*. Epicenter 33°43' north, 118°05' west, according to 
Pasadena. IV at Seal Beach.

January 25: 9:49*. Weak or moderate shock, centering about 4 miles south 
west of the University of California campus. Depth of focus very small, accord 
ing to Berkeley.

Intensity III and under at Alameda, Berkeley, Hayward, Lafayette, Martinez, 
Orinda, Richmond, Ross, San Francisco, San Raphael, and Suisun Bay Bridge.

Not felt at Agnew, Alvarado, Angel Island, Antioch, Belmont, Belvedere. 
Brisbane, Centerville, Clayton, Colma, Concord, Corte Madera, Daly City, 
Danville, Decoto, Diablo, El Granada, Grandview, Ignacio, Irvington, Lagunitas, 
La Honda. Larskpur, Los Gatos, Manor, Menlo Park, Mill Brae, Mill Valley, 
Milpitas, Moss Beach, Mountain View, Newark, Nicasio, Niles, Novato, Oakland, 
Oleum, Palo Alto, Pinole, Pittsburg, Pleasanton, Redwood City, Rockaway 
Beach, Rodeo, San Anselmo, San Bruno, San Geronimo, San Gregorio, San Jose, 
San Leandro, San Lorenzo, San Pablo, San Ramon, Sausalita, Santa Clara, Sharp 
Park, South San Francisco, Stinson Beach, Sunnyvale, Warm Springs, or Wood- 
acres.

January 25: 10: . Slight shock at Berkeley and Lafayette.
February 8: 19:06.* Epicenter about 30 miles from Ferndale, according to 

Berkeley. Ill or IV at Ettersburg.
February 17: about 15:30. Long Beach, IV. (Pasadena reports a shock in 

this neighborhood at 15:20.)
February 20: 2:28. El Centro. Slight. Not felt in other Imperial Valley 

towns.
February 22: 15:18.* Epicenter probably on the Elsinore fault at about 

32.6° north, 116.0° west, according to Pasadena. IV at Imperial.
February 22: 19:02.* Epicenter probably on the Elsiirore fault at about 

32.6° north, 116.0° west, according to Pasadena. IV at Imperial, where after 
shocks are reported to have occurred at 19:35 and 22:35.
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February 23: 14:20. Epicenter 34°07' north, 117°25' west, near Colton, 
according to Pasadena. Felt over an area of approximately 11,000 square miles, 
as shown on map, page 14. Recorded on the accelerograph and displacement- 
meter at Colton.

INTENSITY V:
Cedarpines Park. Felt by all; frightened few. Vases were overturned.
Colton. Felt by many; frightened many. Small objects were moved slightly. 

Broke two plates standing on edge. Damaged one chimney slightly.
East Highlands. Loosened some rock from walls of mountains causing slide.
Loma Linda. Frightened all.
Mentone. Felt by all; frightened many.
Montrose. Press reports shock most pronounced here.
Moreno. Felt by all; frightened many.
San Bernardino. Frightened all.
Intensity IV: Alta Loma, Anaheim, Arrowhead Springs, Claremont, Del Rosa, 

Fontana, Forest Home, Glenn Ranch, Hemet, Hesperia, Laverne, Lucerne Valley, 
Ontario, Redlands, San Dimas, Sierra Madre, Victorville.

Intensity III and under: Acton, Anza, Azusa, Banning, Barstow, Baumont, 
Brea, Compton, Daggett, Elsinore, Del Monte, Glendora, Guasti, Huntington 
Park, Idyllwild, Jamul, Laguna Beach, Lakeside, Los Angeles, Orange, Oxnard, 
Palm Spring, Pasadena, Perris, Placentia, Pomona, Riverside, 8 miles west of 
Riverside, San Diego, San Jacinto, Santa Ana, Seven Oaks, Tujunga, Twenty- 
Nine Palms, Universal City, Upland, Van Nuys, Whittier.

Not felt in Alhambra, Alpine, Bonita, Buena Park, Amarillo, Camp Baldy, 
Castaic, Coachella, Costa Mesa, Covina, Culver City, Del Mar, Downey, El 
Cahon, Encanto, Encinitas, Escondido, Fall Brook, Filmore, Fullerton, Garden 
Grove, Glendale, German, Helendale, Huntington Beach, Imperial Beach, Indio, 
Inglewood, La Crescenta, La Habra, Lancaster, Llano, Long Beach, Moneta, 
Moorpark, National City, Nestor, Newhall, North Hollywood, Norwalk, Ocean- 
side, Olive, Pacific Beach, Palomar Mountain, Romona, San Fernando, San Juan 
Capistrano, San Onofre, San Pedro, Santa Monica, Santa Susana, Saugus, Seal 
Beach, Spadra, Spring Valley, Temecula, Tustin, Venice, Ventura, Vista, Walnut, 
Westminister, Wheeler Springs, Yorba Linda.

February 23: 19:45. Hemet and San Jacinto. Slight.
February 26: 1:33.* Near Colton. Epicenter 34°07' north, 117°25' west, 

according to Pasadena. Felt weakly at Fontana, Hemet, Riverside, San Ber 
nardino, and Victorville.

March 1: 11:25.* Southwest Los Angeles. Epicenter 33°59' north, 118°18' 
west, according to Pasadena. Felt weakly at Huntington Park and Los Angeles.

March 1: 11:27.* Southwest Los Angeles. Epicenter 33°59' north, 118° 18' 
west, according to Pasadena. V at Hunting Park, where small cracks appeared 
in plaster, and at Moneta, where it was felt by all. IV at Beverly Hills, Compton, 
Los Angeles, and Redondo Beach. Ill and under at Inglewood and Long Beach.

March 1: 11:31.* Southwest Los Angeles. Located by Pasadena at 33°59' 
north, 118°18' west. Felt in Los Angeles.

March 1: 11:37. Los Angeles. Weak.
March 1: 11:42.* Southwest Los Angeles. Located by Pasadena at 33°59' 

north, 118°18' west. V at Huntington Park, where dishes were broken, and at 
Moneta, where it was felt by all. IV at Los Angeles. Ill at Lomita and San 
Pedro. Not felt at Long Beach.

March 1: 11:55. Southwest Los Angeles, IV. North Hollywood, III.
March 1: 11:59. Huntington Park. Felt.
March 1: About 24: . San Pedro. Slight.
March 11: 5:56.* Epicenter about 4 miles east of Coyote, according to 

Berkeley. Felt over an area of about 1,600 square miles, as shown on map, 
page 14. V at Coyote Dam, where there was some rattling of slide material in 
the 244-foot cup of the spillway. IV at Gilroy, Mount Hamilton, and San 
Martin. Ill and under at Agnew, Aptos, Ben Lomond, Brookdale, Coyote, 
Hollister, Madrone, Morgan Hill, Perry Station, San Jose, Santa Clara, Watson- 
ville.

Not felt at Alma, Alviso, Aromas, Blanco, Boulder Creek, Campbell, Capitola, 
Castroville, Chualar, Crows Landing, Cupertino, Davenport (?), Del Monte, 
Dos Palos, Felton, Glenwood, Gonzales, Laurel, Los Altos, Los Banos, Los Gatos, 
Marina, Milpitas, Monterey, Mountain View, Mount Hermon, Newman, Olympia, 
Pacific Grove, Palo Alto, Redwood Estates, Salinas, San Gregorio, San Juan 
Bautista, Santa Cruz, Saratoga, Seaside, Spreckels, Sunnyvale, Tres Pinos, Volta.
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March 16: 17:55.* San Benito County, centering at about 36.6° north, 
121.2° west, mean of positions reported by Berkeley and Pasadena. IV at 
Chualar, Hollister, and Tres Pinos.
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FIGURE 5. Areas affected by the California earthquakes of February 23, May 10, and June 3,1936.

March 27: 4:29.* Near Point Dumi. Located by Pasadena at approximately 
34°03' north, 118°55' west. IV at Camarillo.

March 30: 0:05. San Jose and East San Jose foothill district, slight.
April 3: 4:54.* Mojave Desert, centering at 34°54' north, 117°00' west, 

according to Pasadena. Moved small objects at Barstow.
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April 3: 9:17.* Epicenter about 9 miles northwest of Hollister, according 
to Berkeley. Weak momentary shock felt by many at Hollister.

April 3: 15:11.* Epicenter about 7 miles northwest of Hollister, according 
to Berkeley. Heavy jar felt by many at Hollister; no damage.

April 6: 23:38* Epicenter about 32°54' north, 115°13' west, according to 
Pasadena. IV at Calexico, where a sharper shock was felt later, but observer did 
not know the time of it.

April 7: 1:35. El Centre, IV. Two shocks of intensity IV about half an 
hour apart were felt at Holtville at about this time.

April 7: 14:14.* Epicenter about 32°54' north, 115°13' west, according to 
Pasadena. IV at El Centre.

April 7: 14:53.* Epicenter about 32°54' north, 115°13' west, according to 
Pasadena. V at El Centre, where some ran from buildings and small objects were 
overturned in some cases, and at Holtville, where slight damage was done and 
tremors of less intensity followed. IV at Calexico. Felt also at Heber.

April 7: 15:27.* Epicenter about 32°54' north, 115°13' west, according to 
Pasadena. IV at El Centre; very slight at Calexico.

April 8: 10:25. El Centre. IV.
April 8: 10:41.* Epicenter about 32°54' north, 115°13' west, according to 

Pasadena. El Centre, V; window displays disarranged. Felt also at Calexico 
.and Heber. Not felt at Mecca.

April 17: 21:36.* Epicenter about 32°54' north, 115°13' west, according to 
Pasadena. IV at El Centre and Imperial.

April 19: 8:17.* Near Long Beach, centering at 33°46' north, 118°10' west, 
according to Pasadena. Felt weakly at Long Beach, San Pedro, and Wilmington.

April 24: 20:58.* Epicenter about 33°59' north, 118°23' west, according to 
Pasadena. Two slight tremors rattled windows and doors in Culver City, 
Pacific Palisades, Santa Monica, and West Los Angeles. Felt as far south as 
Redondo Beach. At Manhattan Beach, an explosive sound was reported heard 
at the same time.

April 26: 8:25.* Near Haiwee, centering at 36°09' north, 117°57' west, accord 
ing to Pasadena. IV at Olancha, where an aftershock is reported to have occurred 
2 minutes later.

May 3: 23:15.* Epicenter 34°11' north, 118°15' west, according to Pasadena. 
Felt weakly at Eagle Rock, Glendale, Los Angeles, Montrose, and Pasadena.

May 7: 3:47.* Epicenter 33°08' north, 116°05' west, according to Pasadena, 
V at Imperial, where small objects were moved. IV at Lakeside. Felt also at 
Carrizo Gorge, Hemet, and San Diego.

May 8: 23:44.* Mount Lassen National Park. Weak.
May 9: 0:12.* Mount Lassen National Park. Weak.
May 9: 1:40; 4:30; and 12:21.* Mineral. The 3 strongest of 41 earthquakes 

felt here recently, 18 of which occurred on May 8 and 9. The earthquake of 
12:22 was felt with intensity about V at Manzanita Lake in Lassen National 
Park. A report on this swarm of weak earthquakes is given in an article, "Recent 
Seismic Disturbances in Lassen Volcanic National Park," by Carl R. Swartzlow, 
Bulletin of the Seismological Society of America, vol. 27, No. 1, January 1937, 
Page 35. Only the stronger of these shocks are listed below.

May 9: 3:04.* Mount Lassen National Park. Weak.
May 9: 10:41.* Mount Lassen National Park. Weak.
May 9: 18:18. Manzanita Lake, Mt. Lassen National Park, about V.
May 9: 23:44, to May 10: 12:19. Reno, Nevada. Six earthquakes.
May 10: 9:40.* North of Bishop, at about 37°30' north, 118°32' west, accord 

ing to Pasadena. Felt over an area of about 6,000 square miles in east central 
California and Nevada, as shown on map. Possibly VI 20 miles south of June 
Lake, where timbers were wrecked in East Portal tunnel. V at Bishop where 
small objects were moved in a few cases, and there were a few rock slides. IV 
at Benton, Bigpine, Burgyn's Road Camp (25 miles northeast of Bishop), Crest- 
view Lodge (4 miles east of Mammoth Lakes), Deep Springs, Delpiedra, Inde 
pendence, June Lake Junction, Keeler, Little Round Valley, McGee Creek, 
Miramonte, Mocalno, Mono Lodge, Onyx, Owens River Gorge, Porterville, and 
Stratford.

Intensity III and under in California: Big Creek, Bridgeport, Camp Curry, 
Con way Summit (12 miles south of Bridgeport), Corcoran, Crestview, Dinuba, 
Earlimart, Fresno, Grant Lake Camp, Hanford, Semoore, Lonepine, Madera, 
Mammoth Lakes, Navelencia, Olancha, Pinedale, Sanger, Sequoia National Park, 
Visalia, Wiwona, Woodlake, and Yosemite III and under in Nevada: Luning, 
Mina.
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Felt, intensity doubtful, in California: Adams Plant (120 miles north of 
Olancha), 2 miles north of Exeter, Florence Lake, Huntington Lake, Shaver Lake, 
Venida Substation.

Not felt in California: Ahwahnee, Badger, Bakersfield, Clovis, Coalinga, 
Coarsegold, Delano, Ducor, Hanford, Helm, Huron, June Lake, Lakeshore, Lost 
Hills, Mendota, Tiogo Lodge, North Fork, O'Neils, Posey, Prather, Raisin, 
Reedley, Tulare, Wasco. Not felt in Nevada: Gilbert, Goldfield, Goldpoint, 
Hawthorne, Hot Creek, Mount Montgomery, Silver Peak, Wichman.

May 14: Mineral. Six more earth shocks, the strongest in the series on May 
14 and the preceding night, bring the total since May 4 to 125.

May 14: 3:15.* Manzanita Lake, Mount Lassen National Park. Weak. 
(Perhaps same as one of the shocks mentioned in the foregoing report.)

May 14: 20:34.* Epicenter about 37°30' north, 118°32' west, according to 
Pasadena. V at Adams plant (120 miles north of Haiwee Power Plant), where it 
was felt by all. IV at Benton, Crestview, and Yosemite.

May 14: 23:04.* Manzanita Lake, Mount Lassen National Parrk, about V.
May 16: 5:37.* Near Rialto, centering at 34°03' north, 117°17' west, accord 

ing to Pasadena. Felt at Highland and San Bernardino.
May 22: 20:41.* Epicenter near King City, at about 36°10' north, 120°55' 

west, according to Pasadena. IV at King City, where three successive shocks 
were felt.

May 26: 23:18.* Mineral. Two more shocks, the heavier of intensity IV. 
These shocks were the first felt here in 10 days. Felt also at Manzanita Lake.

May 28: 22:56.* Epicenter about 4 miles north of Panoche, according to 
Berkeley. Ill or IV at King City.

May 29: Manzanita Lake, about V.
May 30: 2:08.* Epicenter about 4 miles northwest of Morgan Hill, same as 

shock of May 16 at 11:51 according to Berkeley. IV at Morgan Hill and San 
Martin.

MaySl: 18:21.* Off Huntintton Beach, centering at 33°37' north, 118°02 A 
west, according to Pasadena. Felt at Huntington Beach.

June 2: 6:30. Manzanita Lake, about V.
June 3: 1:15.* Off Cape Mendocino, at 40.16° north, 126.45° west, according 

to Berkeley. Felt over a land area of about 1,800 square miles, as shown ort 
map, page 14. Recorded on the accelerograph at Ferndale.

INTENSITY V:
Beatrice. Frightened many. Moved small objects slightly.
Ferndale. Cracked chimneys according to one report. The same report and 

several others state that there was no damage.
Punta Gorda Light Station. Spilled mercury in light.
Upper Mattole. Moved small objects a little and spilled water from outdoor 

containers.
Weott. Moved small objects.
Intensity IV: Arcata, Bayside, Benbow, Blocksburg, Briceland, Bridgeville, 

Cape Mendocino, Capetown, Eureka, Fernbridge, Fields Landing, Fort Bragg, 
Fortuna, Garberville, Harris, Holmes, Korbel, Soleta, Philo, Rohnerville, Samoa, 
Scotia, South Fork, Trinidad, Westport, Weymouth Inn, and Whitlow.

Intensity III and under: Alderpoint, Alton, Bell Springs, Branscomb, Carlotta, 
Comptche, Crescent City, Dos Rios, Ettersburg, Hackett Ranch, Hyampom, 
Hydesville, Little River, Manchester, Petrolia, Piercy, Redwood Valley, Rio Del, 
Salver, Smith River, Waddington, Willets, and Willow Creek.

Not felt: Boonville, Caution, Dedrick, Elk, Etna, Forest Glen, Forks of Salmon, 
Fort Dick, Grenada, Happy Camp, Hayfork, Hurst, Hoaglin, Hornbrook, Island 
Mountain, Junction City, Klamath, Longvale, Mad River, Montague, Nashmead, 
Navarro, Orick, Orleans, Sawyers Bar, Scott Bar, Ukiah, Walker.

June 11: 22:20. Santa Rosa. Slight. Two clocks stopped.
June 14: 14:26.* Mount Lassen National Park. Weak.
June 24: 4:23.* San Luis Obispo County, centering at about 35° 07' north, 

120° 05' west, according to Pasadena. IV at Los Alamos.
June 29: 4:45, 7:05, and 11:52. Manzanita Lake, IV or V. A number of 

earthquakes were recorded on June 29 and 30 on the seismograph at Manzanita 
Lake, and a few at Mount Harkness.

June 29: 22:30. Earthquakes of intensity V occurred at intervals until 15:50 
on June 30 at Mineral, Mount Harkness (where the seismograph needle was 
knocked off four times), and Susanville. Said to be the strongest of the numerous 
shocks felt in Lassen National Park thus far this year.

June 30: 2:27.* Manzanita Lake, V. Caribou, IV.
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June 30: 4:47.* Manzanita Lake, Mineral, and Prattville; about IV.
June 30: 4:50. Caribou. Slight.
June 30: 12:36.* Manzanita Lake, about V.
June 30: 15:50.* IV at Manzanita Lake and Mineral.
June 30: Mount Harkness. Fire lookout reported over 100 slight quakes on 

this date.
July 1: 3:50, 4:43, and 23:20. Three shocks of intensity about V at Mount 

Harkness.
July 1: 7:50. Manzanita Lake, about V. Another shock of about the same 

intensity the same day.
July 2: 9:38. Mineral, V-VI. Disturbed furniture and dishes. A few rock 

slides were reported on the slope of Lassen Peak and on Chaos Crags. Other 
less severe shocks were felt. Seven shocks of intensity V were reported on this 
day from Mount Harkness.

July 5: Mount Harkness. One shock of intensity about V.
July 6: 2:16, 3:11, 7:41, and 9:35. Mount Harkness, four shocks of intensity 

about V.
July 9: Mount Harkness, about V.
July 10: Mount Harkness, two shocks of intensity about V.
July 10: 3:45. IV at Lonepine and Owengo.
July 10: 7:30. Sequoia National Park. Sharp quake followed by loud roar, 

causing the lookout tower at Cahoon Rock to sway and dishes to fall from cup 
boards. Two other shocks rocked the region near Clough Cave at 12:43 and 
12:45. The shocks were also felt in Owens Valley.

July 10: 19:47.* Owens Valley. Located by Pasadena at about 36°40' north, 
118°06' west. IV at Lonepine and Owenyo. Ill at Sequoia National Park.

July 11: 0:30. Lonepine, aftershock.
July 11: 0:43.* Aftershock, according to Pasadena. IV at Owenyo. Three 

short shocks at Sequoia National Park.
July 11: 2:00.* Aftershock, according to Pasadena. IV at Owenyo.
July 11: between 2:  and 7:30. Owenyo, three additional light shocks.
July 11: 3:30. Lonepine, aftershock.
July 11: About 7: . Lonepine, aftershock.
July 13: 2:43. Mount Harkess, about V.
July 14: 10:39.* Off Huntingdon Beach. Located by Pasadena at 33°37' 

north, 118°02' west. Ill at Seaf Beach.
July 15: 20:39.* San Diego. Felt by few. Recorded on seismograph. Fol 

lowed by two weaker shocks which were recorded but not felt.
July 21: 23:06.* Near Riverside. Located by Pasadena at 33°58' north, 

117°34' west. IV at Fontana.
July 24: 1:04. IV7 at Huntington Beach and Santa Ana.
July 25: 1:02.* Off Newport Beach, at 33°34' north, 117°59' west, according 

to Pasadena. Felt at Balboa, Corona del Mar, Costa Mesa, Huntington Beach, 
and Santa Ana.

July 25: 11:39.* Epicenter about 38° north, 118° west, according to Pasadena. 
IV at Luning and Mina, Nev.

August S: 6:21* Lower California, at about 32°27' north, 115°37' west, 
according to Pasadena. Ill or IV at Imperial.

August 19: 5:18.* Agua Caliente fault near Aguanga, at 33°30' north, 
116° 55' west, according to Pasadena. IV at Hemet.

August 20: 8:49.* Epicenter about 2 miles south of Gilroy, according to 
Berkeley. Ill at Hollister.

August 21: 21:21.* Epicenter 33°46' north, 117°49' west, according to 
Pasadena. IV at Anaheim, Fullerton, Los Angeles, Ontario, and Placentia. 
Felt also at Belvidere Gardens, Brea, Claremont, Glendale, Orange, Pasadena, 
San Antonio Canyon, Santa Ana, Santa Fe Springs, and Whittier,

August 23: 2:02.* IV at Arcata, Fields Landing, Fortuna, and Samoa.
III at Eureka. Not felt at Garberville, Orich, or Petrolia.

Septembers: 5:54.* Off Newport Beach. Located by Pasadena at approxi 
mately 33°34' north, 117°59' west. V at Seal Beach, where all were awakened.
IV at Fullerton, Huntington Beach, and Long Beach. Felt also at Anaheim, 
Los Angeles, Newport Beach, and Santa Ana.

September 8: 20:55. Los Alamos, V. Felt also southeast of Orcutt.
September 10: 2:53.* Near Acton, Los Angeles County, at about 34°28' 

north, 118° 13' west, according to Pasadena. IV at Lancaster.
September 23: 9:14. Manzanita Lake. Strongest shock thus far this year. 

Knocked needle off seismograph. Preceded by a slight tremor at 2 a. m. These
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earthquakes occurred at the opposite end of the park from the center of the series 
of tremors earlier in the year.

September 23: 19:09.* San Francisco Bay region, centering at 37°36' 
north, 121°53' west, according to Berkeley. V at Irvington, where canned 
goods fell, and at Menlo Park, where a patch of plaster 10 feet square fell from 
one ceiling. IV at Alvarado, Boulder Creek, Burlingame, Centerville, Hayward, 
Livermore, Milpitas, Mission San Jose, Morgan Hill, Mount Eden, Newark, 
Niles, Pleasanton, Redwood City, San Jose, San Lorenzo, Sunnyvale, Warm 
Springs. Ill and under at Alviso, Colma, Cupertino, Daly City, East Oakland, 
El Granada, La Honda, Los Altos, Los Gatos, Millbrae, Moss Beach, Mountain 
View, Oakland, Palo Alto, Rockaway Beach, San Carlos, San Francisco, San 
Gregorio, Santa Clara, Santa Cruz, Saratoga, Soquel, Sunol. Felt, intensity 
doubtful, at Berkeley. Not felt at Alameda, Aptos, Belmont, Corte Madera, 
Gilroy, Half Moon Bay, Ignacio, Montara, San Martin, San Mateo, San Pablo, 
San Ramon, South San Francisco, Tassajara Hot Springs, Tracy, Walnut Creek, 
Watsonville.

September 24: 6:11.* San Francisco Bay region, centering at 37°36' north, 
121°53' west, according to Berkeley. V at Redwood City, where slight damage 
was done. IV at Alvarado, Alviso, Aptos, Centerville, Irvington, Livermore, 
Milpitas, Mission San Jose, Newark, Niles, Pleasanton, Redwood City, Sunny- 
vale, Sunol, and Warm Springs. Ill and under at Boulder Creek, Burlingame, 
Colma, Daly City, East Oakland, Hayward, La Honda, Los Altos, Los Gatos, 
Moss Beach, Mount Hamilton, Mountain View, Oakland, Rockaway Beach, 
San Francisco, San Gregorio, San Jose, San Lorenzo, San Rafael, Santa Clara, 
Saratoga, and Warm Springs. Not felt at Alameda, Belmont, Berkeley, El 
Grandee, Half Moon Bay, Lagunitas, Menlo Park, Montara, San Martin, San 
Mateo, San Pablo, San Ramon, Soquel, South San Francisco, Tassajara Hot 
Springs, Tracy, Walnut Creek, Watsonville.

September 26: 17:56. Bakersfield, IV. Two earthquakes a few seconds 
apart. Felt also 5 miles east of Bakersfield, but not at Ducor.

October 4: 1:31.* Kernville, 6 miles north of, centering at about 35.8° north, 
118.0° west, according to Pasadena. Slight.

October 6: 2:30. Laws. Weak.
October 6: 4:30. Bishop. Five distinct earthquakes reported at about this 

time. No damage.
October 6: 4:55. Laws. WTeak.
October 6: 19:00. Laws. Weak.
October 9: About 7: . Martinez. Slight.
October 10: 10:49.* Northwest of Bishop, at about 37°52' north, 118°30' 

west, according to Pasadena. IV at Laws and Bishop. Not felt at Benton, 
Big Pine, Bridgeport, Clovis, Del Piedra, June Lake, Keeler, Knowles, Mono 
Lake, Oasis, Olancha, Reedley, Visalia, Woodlake; nor at Goldpoint or New 
Montgomery, Nev.

October 10: 11:00. Laws. Light shock. East and west motion.
October 10: 12:10.* Northwest of Bishop at about 37°52' north, 118°30' 

west, according to Pasadena. IV at Laws. Not felt at Benton, Big Pine, Bishop, 
Bridgeport, Del Piedra, June Lake, Keeler, Knowles, Mono Lake, Oasis, Olancha, 
Reedley, Visalia, Woodlake; or at Goldpoint or New Montgomery, Nev.

October 13: 22:30. Thirteen miles north of Indio, centering at 33°37' north, 
116°14' west, according to Pasadena. One shock felt by many working in tunnel. 
Frightened no one. Vertical cracks appeared in gunite walls of tunnel. Damage 
slight. Felt weakly at Indio.

October 23: 18:58. Felt at Riverside, Colton, San Bernardino, and other 
towns in the valley.

October 25: Los Angeles. Two earthquakes in this vicinity; no damage.
October 27: 19:20. Long Beach. One shock. No damage.
October 29: 14:38. Ocean Park. Weak. Felt also at Hollywood (northern 

part), Long Beach, and Los Angeles.
November 5: 6:30. Hollister. Slight.
November 10: 18:25.* Pittsburg, IV or V. Epicenter about 6 miles south 

of Antioch, according to Berkeley. Felt weakly in Antioch. Not felt in Bethany.
November 18: 9:15. Weak shock felt at San Luis Obispo, Santa Margarita, 

and Pozo.
November 18: 10:02.* Northwest of Santa Barbara, centering at about 

34°42' north, 120° 15' west, according to Pasadena. IV at Arroyo Grande, 
Atascadero, Betteravia, Los Alamos, Oceano, Pozo, San Luis Obispo, and Santa 
Margarita. Ill at Santa Maria.



UNITED STATES EARTHQUAKES, 1936 19

November 22: 19:54.* Fortuna. Felt by all inside, outdoors by others. No 
damage. Felt weakly at Ferndale.

November 23: 7:53.* Centerville, III. Sunol, II. Epicenter about 6 miles 
southeast of Niles, according to Berkeley.

November 24: 2:02. Mission Hills, San Diego. Felt by few. North and 
south component only, according to observer. Two sharp shocks, approximately 
2 seconds.

November 29: 22:23. Bell. Windows and doors rattled.
December 4: 7:51.* Epicenter about 5 miles southwest of the Palo Alto 

station, according to Berkeley. IV at Mountain View.
December 4: 8:14.* Mountain View, III. Aftershock of the preceding.
December 25: 8:05.* To the north, approximately 500 km from Tinemaha, 

according to Pasadena. Felt over an area of about 1,000 square miles in north 
central California.

INTENSITY V:

Lake Almanor, vicinity of. Awakened many. Hanging objects swung north. 
Moved small objects. No damage.

Manzanita Lake. Direction of motion outdoors northeast. Felt by many. 
Hanging objects swung with a circular motion. Christmas trees noticed to move 
with a twisting motion.

Taylorsville. Direction of motion outdoors north to south. Felt by few. 
Moved furnishings and curtains. Bushes shaken slightly. Awakened few.

Intensity IV and under: Las Plumas, Westwood, Caribou, Meadow Valley, 
Chester, Mineral, Taylorsville.

Not felt at Belden, Blairsden, Hat Creek, Paynes Creek, Princeton, Quincy, 
Susanville, Whitmore.

WASHINGTON AND OREGON

[120th meridian or Pacific standard time]

March 22: 8:30. Alder, Wash. Weak.
May 8: Early. Roseburg, Oreg. Meteor exploded, awakening many.
June 20: 2:57.* Seattle, Wash. Weak.
June 20: 3:50. Bothell, Wash. Weak shock.
July 15: 20:30. White Salmon, Wash. Weak foreshock of the north Oregon 

earthquake at 23:08.
July 15: 22:20. Mottinger, Wash. Slight foreshock of the north Oregon earth 

quake at 23:08.
July 15: 23:08.* "State Line earthquake" near Walla Walla, Wash., and 

Milton, Oreg. VII + . Epicenter within a few miles of 45°58' north, 118°18' 
west. Damage about $100,000. Area affected, about 105,000 square miles. See 
map on page 21, which is based on a mail canvass of the affected area by the 
Bureau's Seismological Field Survey operating from San Francisco. According 
to B. J. Brown, "The buildings in the earthquake area are so irregularly dis 
tributed and their character and condition so varied that it has been impossible 
to fix with accuracy the destructive limits." Mr. Brown is author of an article 
entitled "The State Line Earthquake at Milton and Walla Walla" which appears 
in the July 1937 number (vol. 27, No. 3) of the Bulletin of the Seismological 
Society of America and covers many important aspects of the earthquake.

The shock was strongest at Freewater, State Line, and Umapine, Oreg., where 
the intensities reached VII. The ground was badly cracked and there were 
marked changes in the flow of well water. In the cemeteries about 70 percent 
of the stones rotated clockwise, viewed from above. Some stones in close prox 
imity to each other rotated in opposite directions.

Mr. Brown's report also reveals interesting facts concerning the geology of the 
epicentral region:

"A spur of the Blue Mountains, known locally as the Touchet Ridge, extends 
from Milton west-northwest, crossing into Washington about 5 miles east of 
Wallula. The ridge crossed the Columbia River at one time, damming the water 
to form a large lake. The north edge of Touchet Ridge in places is very abrupt, 
the layers of basalt being broken square off at Milton, and marks an old fault 
line. North of the Ridge lies the valley of the Walla Walla River and its tribu 
taries. Superposed on the old fault is a more recent fault extending from Milton 
about 20 miles down the valley. The basalt floor underlying the Milton-Walla 
Walla region has dropped 600 feet below the average gradient of the valley. The 
south edge of the depression lines up closely with the old fault line, while the 
other sides of the depression slope up gradually to surface exposures of basalt 4,
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miles east of Walla Walla, 6 to 8 miles north of Walla Walla, and 2 miles west 
of Touchet. No evidence of fracture has been found on the east, north, and west 
sides.

"This local depression has been the site of three successive lakes, as described 
in a paper presented before the Northwest Science Association, December 30, 
1930. Alternating layers of lake sediments and river gravels have accumulated 
to fill the area so that it now meets the common gradient of the valley. A fourth 
lake in glacial times covered the depressed area with a layer of sediments, the 
maximum depth of which is known to exceed 100 feet."

After giving a composite log of 35 wells he states:
"Most other sediments have been carried away by the Walla Walla River 

system. Thus, the depressed arc has been subjected to varying loads of some 
magnitude." Much of the descriptive matter which follows is taken from Mr 
Brown's report.

INTENSITY VII IN OREGON:

Freewater. Plaster and windows broken. Practically all chimneys that had 
been built for a period of 10 years were damaged at the roof level. Some were 
damaged below the roof level, but not many. Flues and walls were cracked in 
the Post Office Building. Two or three thousand dollars worth of damage was 
done to canned goods, bottled goods, furniture, fixtures, and plate glass windows 
at a cannery and at a drug store. Damage to school buildings amounted to 
about $8,500.

A fine new house about 4 miles west of Freewater was almost completely wrecked. 
Two cement houses about 20 years old, 7 miles west of Freewater, were practically 
demolished.

Most wells in the neighborhood of Freewater increased their flow; a few de 
creased. Dry Creek, which heads about 9 miles south and east of Freewater, 
and which had been dry at this season in previous years, began running a very 
nice stream of water.

Four miles west of Freewater the ground was cracked over an area 1,200 to 
1,500 feet long by 50 to 100 feet wide along the base of a little hill running east 
to west. There were a number of little cracks running parallel to the hill. One 
crack some 200 or 300 feet long was from 1 to 6 feet wide.

At Freewater there were 20 or more aftershocks continuing intermittently all 
night.

St' ie Line. The shock was most severe here according to reports from the 
Milton-Freewater district. Concrete pavements were cracked.

Umapine. Many walls and chimneys were cracked and a few demolished. 
The upper floor of one two-story concrete house was ruined; holes appeared in 
the walls. One stucco house was badly damaged, and a concrete residence fell 
to the ground. The grade and high-school buildings, which are joined, were 
pulled apart about 3 inches. Well water changed. Cracks appeared in the 
ground ranging in size from less than pencil width to a 3-foot crack which was 
8 feet deep.

Large cracks appeared about 3 miles southeast of Umapine. At a ranch 
between Umapine and Freewater, nine cracks appeared ranging up to 6 inches in 
width, and water was forced out of the ground in a dozen places. A large stucco 
farmhouse near Umapine was so badly damaged that the family moved out onto 
the lawn.

At Umapine one observer counted the tremors the first night and reported 38 
aftershocks with other very slight quakes mixed in. For som^ time a few shocks 
occurred each night and some in the daytime.

INTENSITY VI IN OREGON:

Athena. Windows and furniture broke; plaster cracked and some fell. 
Cornices and other light structural parts damaged. A number of chimneys 
down; two buildings pulled apart by the quake; one house damaged beyond repair.

Ferndale. In one house a brick chimney broke at the roof and at the ceiling. 
Part rotated and part fell.

Milton. A few instances of broken windows and cracked plaster; several 
instances of fallen plaster; a few instances of broken furniture; many chimneys 
cracked; few walls demolished. Two freight cars thrown off track. Some 
increases in well water.

INTENSITY VI IN WASHINGTON:

Waitsburg. Felt by practically all; many alarmed. Small objects moved; 
clocks stopped; plaster cracked. Several chimneys fell.
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INTENSITY V IN OREGON:

Arlington. People ran out in alarm.
Haines. Water spilled northeast to southwest. Small objects not moved.
Helix. Eight shocks, the first strongest, two others severe, and the last weakest, 

all occurring between 23:15 and 24:00. Felt by all; awakened all; frightened few. 
Moved but did not overturn small objects. Plaster cracked, some fell; damage 
slight.

Hermiston. Three shocks. Felt by 80 percent of population; many alarmed. 
Some cracks in concrete cellar walls of a farmhouse 5 miles east of Hermiston.

122° 120° 118° 116°

oWilsoncreek Wall

I NOTION
0 Ritzville

44

122° 120° 118° 116°

FIGURE 6. Area affected by the Oregon-Washington "State-line" earthquake of July 15, L936.

Monument. Moved small objects and furnishings and broke dishes near 
Monument. Some damage on hillside farm about 7 miles south of Monument. 
Timbers fell in bridge under construction at Monument.

Pilot Rock. People ran out in alarm.
PHmeville. Awakened few; frightened all. Furnishings moved.
Umatilla. Felt by about half of those who were at rest indoors and by about 

one-fif Ih of those who were moving about; a few ran outdoors in alarm. Furniture 
was displaced in a few instances; clocks stopped.
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INTENSITY V IN WASHINGTON:

Coif ax. Felt by all or nearly all; frightened few. Roaring sounds. Loose 
objects moved; liquids spilled. Some slight cracks in plaster and wall paper.

Hooper. Felt by practically all; several alarmed. Small objects moved. No 
sounds.

Page. Duration 2 minutes. Plaster cracked.
Pomeroy. Felt by nearly all; few alarmed. Small objects moved.
Prescott. Pendulum clocks did not stop. Overturned small objects. Broke 

plaster. Slight damage to chimneys.
Prosser. Felt by all or nearly all. Plaster cracked in a few instances.
Touchet. Felt by practically all. Small objects and furniture moved. A little 

fallen plaster; no other damage.
Walla Walla. One report states that the earthquake was felt by several; 

another, by most. Many alarmed, leaving houses for streets. Moderately loud 
rumbling sounds immediately preceding first shock. Standing pictures were 
shaken down, some movable objects changed positions, doors partially opened. 
Shocks more noticeable on second and higher floors than on ground floors. A 
few chimneys and many loose chimney bricks knocked down.

Five miles southwest of Walla Walla an artesian well about 600 feet deep which 
had weakened to the point where it was necessary to pump water from a depth of 
several feet renewed its flow to almost the original strength and had not diminished 
by October 18. About 15 or 20 slight aftershocks were felt by some in Walla Walla.

Wallula  Felt by all.
Wheeler. -Preceded by loud roar. All the windows rattled, and things on the 

wall moved about.
Intensity IV in Oregon: Baker; between Courtrock, Hamilton, and Monument; 

Echo; Elgin; Granite; Heppner; La Grande; North Powder; Pendleton; Promise; 
Weston.

Intensity IV in Washington: Alameda, Cedonia, Cheselah, Davenport, Day 
ton, Deerpark, Entiat, Ephrata, Hanford, Harrington, Irby, Kahlotus, Klickitat 
County (southeast section), Lakeside, Laurier, Leavenworth, Locke, Lowden, 
Odessa, Okanogan, Omak, Othello, Pasco, Pateros, Pullman, Ritzville, Rosalia, 
Spokane, Spokane Bridge, Sprague, Starbuck, Sunnyside, Twisp, Valley, Warden, 
Washtucna, Wauconda, Winchester.

Intensity IV in Idaho: Bovill, Coeur d'Alene, Hauser Junction, Lewiston, 
Moscow, Potlatch, Sandpoint, St. Maries, Troy.

Intensity III and under in Oregon: Antelope, Bartlett, Bordman, Enterprise, 
Evans, Flora, Joseph, Paradise, Portland, Telocaset, The Dalles, Troy, Ukiah, 
Wellowa, Whitney, Willows.

Intensity III and under in Washington: Adams County (southern part), 
Asotin, Beckleton, Bluestem, Brewster, Chattaroy, Chelan Falls, Cheney, Clay- 
ton, Freeman, Goldendale, Grand Coulee, Hartline, Kennewick, Lacrosse, Metta- 
line Falls, Mottinger, Mountain View, Nespelem, Newport, Northport, Oroville, 
Republic, Stehekin, Trinidad, Wahluke, Waukon, Wawawai, Wellpinit, Wenat- 
chee, White Salmon, White Swan, Wilbur, Wilson Creek, Winthrop, Winton, and 
Yakima.

Intensity III and under in Idaho: Bonners Ferry, Cameron, Cottonwood, 
Grangeville, Harrison, Kamiah, Kellogg, Nez Pence, Post Falls, Rathdrum.

Not felt in Oregon: Huntington, Imnaha, Lake, Lookingglass, Range, Wil- 
lamette.

Not felt in Washington: Blewett Pass, Chesaw, Colville, Conconully, Fishtrap, 
Hellgate, Lemanasky Lake, Lucerne, Milan, Millwood, Rimrock Dam, Rogers- 
burg, Ruff, Wapato.

Not felt in Idaho: Caldwell, Elk City, Granite, Headquarters, Kendrick, 
Orofino, St. Charles, St. Joe, Southwick, Wallace, Wardner, Warren, Weiser, 
Winchester.

July 15: 23:13. Waitsburg and Walla Walla, Wash. Slight aftershock.
July 15: 23:23. Walla Walla, Wash. Aftershock.
July 15: 23:25. Waitsburg, Walla Walla, and Wenatchee, Wash. Slight 

aftershock.
July 15: 23:30. Walla Walla, Wash. Aftershock.
July 15: 23:37. Athens, Oreg., and Waitsburg, Wash. Slight aftershock.
July 15:. 23:56. Walla Walla, Wash. Aftershock.
July 15: 23:58. Sprague and Waitsburg, Wash. A few slight aftershocks.
July 16: 0:10. Waitsburg and Walla Walla, Wash. Slight aftershock.
July 16: 0:25. Mason City, Wash. Another series of delayed tremors which 

shook windows of house. Felt also at Walla Walla, Wash.
July 16: 0:27^. Walla Walla, Wash. Aftershock.
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July 16: 0:38. Walla Walla, Wash. Aftershock.
July 16: 1:06. Walla Walla, Wash. Aftershock.
July 16: 1:10#. Walla Walla, Wash. Aftershock.
July 16: 3:00. Walla Walla, Wash. Light aftershock.
July 16: 4:30. Athens, Oreg. Slight aftershock. Lowden, Wash. Two 

small shocks felt.
July 16: 8:30. Dayton, Wash,? "Other towns report a slight shock on the 

16th at 8:30 a. m. it was not noticeable here."
July 17: 10:27. Mottinger, Wash. Slight aftershock.
July 17: 20:30. Lowden, Wash. One small shock.
July 18: 7:10. Milton-Freewater, Oreg. Slight aftershock.
July 18: 8:30. Milton-Freewater, Oreg. V. Heaviest aftershock thus far. 

IV at Helix and Pendleton, Oreg. and at Walla Walla, Wash.
July 18: 9:30. Walla Walla, Wash. Aftershock, duration 4-5 seconds. Stove 

rattled.
July 20: 4:10. Freewater, Oreg. "Little jiggle."
July 20: 9:30. Freewater, Oreg. "Little jiggle."
July 21: Morning. Umapine, Oreg. Eight aftershocks. No damage.
July 24: Morning. Seattle, Wash. Numerous reports of a series of very 

slight tremors felt only in high office buildings.
July 25: 0:45. Bothell and Seattle, Wash. IV.
July 26: 0:00.* Seattle, Wash. Very slight.
July 30: 3:20. Freewater, Oreg. IV.
July 30: 4: . Freewater, Oreg. IV.
July 30: 4:20. Walla Walla, Wash. Ill or IV.
August 4: 1:19. Helix, Oreg. V. Small objects moved. Quake not so 

strong as on July 15, but lasted longer. IV at Walla Walla, Wash., Ill at Colfax, 
Wash.

August 27: 20:38. Walla Walla, Wash. IV.
August 28:  : . Walla Walla, Wash. Aftershock.
November 17: 2:00 to 2:30. Walla Walla, Wash. III.
November 17: 4: . Walla Walla, Wash. III.

ALASKA

[150th meridian time]

January 22: 0:45. Alexander, in lower Susitna valley.
January 31: 4:44. Cordova. Slight.
February 4: 3:25. Seward. Two sharp shocks which did no damage.
March 3: 10:35. Alexander, in lower Susitna valley.
March 4: 3:25. Seward. Two slight shocks.
March 10: 23:30. Holy Cross.
March 10:  : . Two miles north of Matanuska. Slight.
March 12: 3:45. Holy Cross.
April 9: 16:01. Seward. Slight.
April 15: 18:23. Whale, Island. Slight.
May 8: 7:17. Seward. Weak.
May 29: 4:43.* Sitka. Awakened a number of people by rattling of dishes 

and furniture. Recorded on seismographs at Sitka and College, and at a number 
of stations in the United States.

May 30: 5:45 and 5:48. Bell Island. Two slight shocks.
June 1: 16:31. Seward. Slight.
June 21: 18:10. Matanuska. Sharp.
June 21: 19:33. Portage. Severe. Felt also at Seward.
June 21: 19:50. Susitna.
June 23: p. m. Rapids.
June 29: 6:00. Portage. Slight.
July 2: 17:58.* Richardson. Violent. Nenana, duration 30 seconds. Felt 

at College and recorded on the seismograph.
July 2: 18:30. Rapids. Severe.
July 3: 20:05. Portage. Slight.
August 26: 14:45. Matanuska. Duration eight seconds.
September 9: 13:02. Seward. Very light.
September 18: 17:45. Susitna.
September 18: 17:58. Anchorage, III. Seward, light.
September 29: 8:32. Anchorage, IV. Seward, light.
October 22: 20:24.* Instrumental epicenter 61.4° north, 149.7° west. Anchor 

age VI. Strongest shock for 3 years. Damage about $500. Heavy at Seward;
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strong at Susitna; felt at Valdez; slight at Cordova(?). Aftershocks: 20:32 at 
Anchorage; 20:46 at Seward; 20:49 at Anchorage, Seward, and Susitna; 20:58, 
20:59, 21:25, 21:45, and 22:15 at Susitna; 22:22 at Anchorage and Seward (medi 
um heavy); 22:43 at Anchorage.

October 23: Further aftershocks of the preceding activity: About 3:  at 
Anchorage; 5:34 at Anchorage (slight), Seward (medium heavy), and Susitna; 
6:15 at Anchorage; 6:24 at Anchorage (slight) and Seward (medium heavy); 6:38 
at Anchorage and Susitna; 10:25 at Anchorage; 13:07 at Anchorage (slight) and 
Seward (medium heavy); 17:30 at Susitna; time not reported at Homer.

October 24: 20:25 and 22:30. Chinitna Bay. Strong.
October 24:  : . Homer.
October 25: 11:05. Seward. Heavy. Felt also at Anchorage.
October 25: 11:20. Susitna.
October 26: 9:31. Anchorage.
October 26: 10:02. Seward. Light.
October 26: 12:56. Anchorage.
October 27: 10:16 and 15:01. Anchorage.
October 28: 16:40. Seward. Light. Felt also at Susitna.
October 28: 21:02. Seward. Light.
October 29: 11:04. Anchorage, east-west motion.
October 30: 11:23. Seward. Medium heavy.
October 30: 11:35. Susitna.
November 2: S:16. Anchorage, east-west motion.
November 2: 23:00. Susitna.
November 5: 13:03. Anchorage, east-west motion.
November 11: 7:29. Anchorage, east-west motion.
November 11: 7:40. Susitna.
November 13: 20:30. Rapids. Severe.
November 15: 23:16. Talkeetna, east-west motion. Felt also at Seward.
November 15: 23:30. Susitna.
November 16: 19:15. Rapids.
November 24: 11:08. Anchorage, IV.
November 25: 11:07. Seward. No damage.
November 29: 13:00. Anchorage. Slight.
November 29: 13:15. Susitna. Slight.
December 12: 15:10. White Mountain.
December 14: 23:20. Anchorage, III.
December 16: 3:43. Anchorage, III or IV.
December 19: 16:55. Susitna.
December 21: 22:30 and 23:45. Rapids.
December 22: 23:43. Big Delta, IV or V.

HAWAIIAN ISLANDS

[157}.$th meridian (west) time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the stronger ones 
are listed. Reports of the Hawaiian Volcano Observatory under the jurisdiction of the National Park 
Service give all details.

March 11: 16:15.* Slight earthquake sharply felt in the Volcano district by 
many people. Located 1.1 miles deep on the east rim of Kilauea Crater 0.6 mile 
south of Kilauea Iki, according to the Hawaiian Volcano Observatory.

March 11: 16:54.* Slight earthquake sharply felt in the Volcano district by 
many people. Located 1.5 miles deep, 0.7 mile south of Kilauea Iki, and 0.6 mile 
east of the east rim of Kilauea Crater, at 19°24.4' north, 155°15.0' west, according 
to the Hawaiian Volcano Observatory.

March 11: 16:55.* Slight earthquake sharply felt in the Volcano district by 
many people. Location same as the preceding according to the Hawaiian Volcano 
Observatory.

April 15: 8:27.* Moderate earthquake felt generally on the island of Hawaii. 
Definite reports were received from Olaa, Hookena, and the Hamakua district. 
Felt rather strongly in the Volcano district. Focus 18 miles under the southeast 
portion of Kilauea'Crater at 19°24.0' north, 155° 15' west.

November 16: 13:08.* Slight to moderate earthquake located immediately to 
the southeast of Kilauea Iki Crater, at 19°24.8' north, 155°14.4' west, according 
to the Hawaiian Volcano Observatory. Felt very strongly in the vicinity of Puu 
Koae on the Kau Desert southwest of iCilauea Crater; felt by a few in the Kilauea
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PHILIPPINE ISLANDS

[120th meridian (east) time]

NOTB. In the case of these islands with their many minor earthquakes, only the stronger ones are listed. 
Heports of the Weather Bureau of the Philippine Islands give all details. Instrumental times given below 
are in many cases arrival times of the first preliminary tremors recorded at Manila.

April 12: 7:38.* Felt throughout Samar and southeastern Luzon. Slight 
damage at Catbalogan, Samara Island. Epicenter 12°05' north, 125°50' east, 
according to Manila.

July 6: 2:55.* Felt strongly in Davao and Cotabato, and moderately in 
Surigao, Agusan, Zaniboanga, and Jolo. Epicenter 6.3° north, 127.0° east.

July 23: 15:19? Glan, Cotabato. Strong.
July 30: 16:45. Tigaon, Camarines Sur. Strong.
August 4: 22:11.* Strong earthquake felt throughout northern Luzon and 

Batan Islands.
August 10: 0:08.* Bangui, Ilocos Norte. Strong.
August 14:. 4:05.* Leyte and Mindanao. Strong.
September 19: 17:49. Cantilan, Surigao. Strong.
November 20: 6:00. Samar. Strong at Tinambacan.
Decembers: 3:18.* Northern Luzon. Strong.
Decembers: 11:29.* Cabalian, Leyte. Strong.
December 8: 0:28.* Northern Luzon. Strong.
December 8: 18:26.* Very strongly felt at Ormoc, Leyte. Felt also at 

Hinundayan, Leyte. Epicenter probably in Ormoc Bay, according to Manila.
December 14: 12:04.* Felt in southwestern Luzon. Strong, but no damage, 

at Manila. Epicenter probably 14°16' north, 119°47' east, according to Manila.
December 26: 12:00. Tabaco, Albay. Strong.

PUERTO RICO

[60th meridian time]

February 2: 15:06.* Utuado, IV. 
December 11: 22:19.* Mayaguez, IV.

PANAMA CANAL ZONE

[75th meridian time]

February 26: 4:18.* Balboa Heights, II.
April 22: 19:50.* Felt by a few people on the Atlantic side.
May 6: 3:21.* Balboa Heights, V. General alarm throughout the Isthmus. 

Due to the loud noise and sudden beginning, most people thought it was a heavy 
explosion. No damage reported except for a few cracks and some loosened tile. 
Recorded on the accelerograph at Miraflores.

October 11: 15:54.* Balboa Heights, III. Felt at both the Atlantic and 
the Pacific entrances of the canal.

October 12: 13:28.* Balboa Heights, I.
October 29: 0:53.* Balboa Heights, III. Reported felt at David and 

Santiago, Panama.
November 22: 19:36.* Balboa Heights. III.
November 28: 6:59.* Balboa Heights, III.
December 10: 8:00.* Balboa Heights, II.



MISCELLANEOUS ACTIVITIES
GEODETIC WORK

During the year 1936 the following leveling was run for the purpose 
of detecting earth movements or for earthquake investigation:

Settlement Investigation, vicinity of San Jose, Calif., spring, 1936. 
Releveling, vicinity of Helena, Mont.

The leveling in the vicinity of San Jose was the fourth complete 
leveling of the net which was established for the investigation of 
abnormal settlement in the area centered around San Jose.

The releveling near Helena, Mont., was run for the purpose of 
detecting possible earth movement resulting from the earthquakes 
of October and November 1935. A part of a first-order line was 
rerun from Amazon, through Helena, to Wolf Creek, a distance of 
71 miles. Part of one second-order line was rerun for a distance 
of 10 miles west of Silver City, and also part of another from East 
Helena, southeast and east, to the vicinity of Johnson. In addition, 
a total of 46 miles of new first-order leveling, with closely-spaced 
bench marks, was run across fault lines, from 4 miles south of East 
Helena to York, and from the vicinity of Iron, via Broadwater and 
Fort Harrison, to Helena, together with several crosslines to connect 
with the other work.

The results of the leveling in the vicinity of San Jose have not 
been fitted to the first-order level net, and therefore elevations are 
not available for publication. The leveling in the vicinity of Helena 
has been adjusted, but has not yet been studied in detail.

There was no triangulation in 1936 for earthquake investigation.

TIDAL OBSERVATIONS

No tidal disturbances of seismic origin were noted on the gages of 
the Bureau and cooperating stations during the year.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make 
reports of visible or felt effects of earthquakes. No shocks were 
reported.
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SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabu 
lated, together with epicenters based on the published data and 
instrumental results received from seismological stations in all parts 
of the world. These reports will be furnished upon request to the 
Director of the Bureau. In the summary of epicenters in this report 
attempts are sometimes made to improve epicenters already pub 
lished, especially in the case of those in North America.

Instrumental results are published for the following observatories:
Balboa, Canal Zone (The Panama Canal).
Bozeman, Mont. (Montana State College).
Burlington, Vt. (University of Vermont).
Butte, Mont. (Montana School of Mines).
Charlottesville, Va. (University of Virginia).
Chicago, 111. (University of Chicago and United States Weather Bureau).
College, Alaska (University of Alaska).
Columbia, S. C. (University of South Carolina).
Des Moines Iowa (Private station, M. M. Seeburger, Director).
East Machias, Maine (Massachusetts Institute of Technology).
Honolulu, Hawaii (University of Hawaii).
Huancayo, Peru (Carnegie Institution of Washington).
Montezuma, Chile (Smithsonian Institution).
Philadelphia, Pa. (Franklin Institute).
San Juan, P. R.
Seattle, Wash. (University of Washington).
Sitka, Alaska.
Tucson, Ariz.
Ukiah, Calif. (International Latitude Observatory).

San Juan, Sitka, Tucson, and Ukiah are Coast and Geodetic Survey 
stations. Bozeman, Butte, Chicago, College, Columbia, and Hono 
lulu are cooperative stations; Balboa, Burlington, Charlottesville, 
Des Moines, East Machias, Huancayo, Montezuma, Philadelphia, 
and Seattle are independent stations. All readings are made or 
revised at the Washington office except those for Balboa.

TABLE 1. Summary of instrumental epicenters

1936

Jan. 2.......
Do ... 
Do...... 
Do...... 
Do......

Jan.4._.____
Jan. 14...... 

Do...... 
Do.   .. 
Do...  

Jan. 15...... 
Jan. 18...... 
Jan. 20...... 
Jan. 21......

Greenwich 
civil time 
at origin

h m 
0 37.2 
3 54 
4 05 

17 27.0 
22 34.4 
14 07 
14 31.7 

5 36.5 
14 12. 2 
15 09.8 
17 41.2 
14 43.5 

1 19.9 
16 56.3 
4 54.3

Region and focal depth

.  .do    ,                

Pacific Ocean off Panama. Depth near normal. __

South Pacific near New Hebrides. Depth normal. .

Southeast of the Philippines. Slightly deep. ___ .
Pacific Ocean off Central America. Depth normal. .

Coordinates of provi 
sional epicenter

Latitude

79.4 N. 
33.3 N. 
33.3 N. 
10.8 S. 
0.2 S. 

32.4 N. 
5.7 N. 

60.0 S. 
29 S. 
37.0 N. 
19 S. 
19 S. 
62 N. 
5.7 N. 
7.5 N.

Longitude

1.0 E. 
115.5 W. 
115.5 W. 
122. 0 E. 
98.8 E. 

115.6 W. 
82.5 W. 
22. 5 W. 
63 W. 
23.2 E. 

168 E. 
171 E. 
153 W. 
127. 0 E. 
108 W.
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TABLE I. Summary of instrumental epicenter* Continued

1936

Do   .
Feb. 7   
Feb. 8   
Feb. 10   
Feb. 15   
Feb. 16......

Do......

Feb. 21......
Do   

Feb. 22......
Do   ..

Feb. 27.  
Feb. 28   -.
Mar. 2-   -

Mar. 5..---.
TV/far fi

Mar. 7..-- 
Mar. 10...-- 

Do   
Mar.20.-  

Do.   ..
Mar. 22__   

Do...-.
Mar. 25.. 
Apr. 1    

Do   
Apr. 2... ....

Do   
Apr. 23   
Apr. 25   
Apr. 27   
Apr. 28   

May 6--.. 

Do--  

May 11-   
May 16-...-
Mav 19..---

Do  ...

May 22.....
Do   

May 25.-  
May 27-   
May 28--...

Do  ...
Do  .

June 10   
Do   .

Do   .
June 16 ......

June 20   
June 22 ...... 
June 27 ...... 

Do    
June 28- .... 
June 29. ..... 
June 30 ... 

Do    
July 2.......
July3   
July 4.. .....

Greenwich 
civil time 
at origin

h m 
17 14 
18 32 
8 56.4 

12 11.2 
18 05.6 
12 46.9 
3 08.9 

14 17.8

6 20.9 
16 57. 1 
15 31.6 
19 22.6 
10 04.0 
3 03.4 
3 19.1

6 06.1 
14 25.5 
20 35.7 
12 05.0 
20 35.8 
18 46. 4 
23 53.1 
12 16.1 
22 57. 2 
8 58.8 
2 09. 5

20 10. 4 
6 16.8 

16 02.0 
20  >!. 1 

5 07.2 
9 01. 1 

23 14.3 
23 59.0 

6 31.0 
5 39.1 

22 07.0 
19 43.2 
3 30.0 

10 02.7 
9 11.5 

17 22.2 
17 40.2 
17 27.4 
7 05 7 
7 22.3 

20 49.8 
3 05.3 
0 15.9 

23 21.0 
3 02.7 
6 19.4 

18 49.0 
14 42.7 
2 55.4 
9 15.2 

17 55.5 
16 21.8 
4 38.2 
3 29.2 
8 23.4 
2 27.7 

17 01.4 
0 33.3

3 24.1 
10 28.1 
3 22.6 

21 13.4 
8 10.4 

14 30.2 
15 06.7 
19 26. 1 
16 29.0 
2 58.6 
8 52.5

Region and focal depth

Banda Sea. Depth normal. .-     ...   ... .      

Near New Caledonia. Depth probably about 200 
km. 

Burma-China border Depth probably about 80 km.

... ..do..                             
Felt on Timor Island, Banda Sea. Slightly deep...

Hokkaido Island, northern Japan. Depth nearly 
normal.

Pacific off Costa Rica. Depth probably normal.-.. 
Aleutian Island region. Depth probably normal-

North Atlantic Ocean. Depth probably normal.   . 
Southeast of Mindanao Island, Philippines. Depth 

normal. 
.   .do                      

Destructive in China. Depth probably normal   

Probably near Friendly Islands in south Pacific 
Ocean.

Bolivia..                  

Coordinates of provi 
sional epicenter

Latitude

33.3 N. 
38 N. 
35.4 N. 
5.9 S. 

18 S. 
4.5 S. 

28± S. 
20 S.

24.2 N. 
5.0 S. 

51.5 S. 
50.5 S. 
8 S. 

55 N. 
43.5 N.

9 S. 
21.0 S. 
9.6 N. 

51.5 N. 
41.2 N. 
11 N. 
16.5 S. 
6.5 S. 

52 N. 
58 N. 
4.5 N.

3 N. 
3 S. 

11 S. 
9.4 N. 
7.3 S. 

13± N. 
49.0 N. 
28.5 N. 
16.8 N. 
9 S. 

40.8 N. 
3 S. 
8.3 S. 

19.5 N. 
6 S. 

61 N. 
37.5 N. 

5 S. 
28.7 N. 

6 S. 
9 S. 
9 S. 

32.1 S. 
21.5 S. 
4± S. 

28.9 N. 
10 N.

41.3 N. 
40.2 N.

30± N. 
73.7 N. 
27.5 N. 
5.5 S. 

54.0 N. 
37 N.

35.7 N.

60± N. 
43.8 N. 
32.5 N. 
37.0 N. 
51.0 N. 
34.8 N. 
39.2 N. 
10.0 S. 
17.2 S.

Longitude

0

116.3 W. 
118 W. 
103.3 E. 
145.4 E. 
178 W. 
133.0 E. 
66± W. 

169 E.

98.2 E. 
144.5 E. 
165.5 E. 
165 E. 
127± E. 
163 W. 
144 E.

108 W. 
174.4 W. 
86.7 W. 

170 W. 
144.5 E. 
85 W. 

175.0 W. 
156.5 E. 
176.5 W. 
32 W. 

127.2 E.

130 E. 
151 E. 
166 E. 
138.0 E. 
156.6 E. 
93± E. 

179.5 E. 
103.0 E. 
83.9 W. 

ICO E. 
7.2 E. 

149 E. 
74.9 W. 

105.5 W. 
112 E. 
153 W. 
118.5 W. 
153 E. 
104.0 E. 
111.5 E. 
128 E. 
160 E. 
64.5 W. 

170 E. 
145± E. 
83.5 E. 

104 W.

142.3 E. 
126.4 W.

43± W. 
6.0 E. 

63.5 E. 
147.5 E. 
161.0 E. 
36 E.

100.3 W.

30± W. 
146.4 E. 
145.5 E. 
70.9 E. 

160.8 E. 
60.3 E. 

117.5 W. 
161. 1 E. 
68.0 W.
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TABLE 1. Summary of instrumental epicenters Continue^

1936

July 5    
July6   
July 12   
July 13.  
July 16  
Inlv 10

July 22  
July 23  ..
July 26   

July 28   

Do-
July 31 ., ...
Aug. 1   -

Do.  ..
A. US 4

Do   
Aug. 9......
Aug. 10
Aug. 11
Aug. 13.. . 

Do   
Aug. 16.....

Aug. 17.....
Aug. 18.....
Aug. 19-    
Aug 22  

Do   
Do  .

Aug. 23
Auc. 24
AUK. 25.....
Aug. 26..-.

Do   
Aug. 28-  ..

Sept. 18.-   
Sept. 19..--. 
Sept. 22 - 
Sept. 23   

Do   
Sept. 24 -.-. 

Do ...

Sept. 25.- ... 
Sept. 28-..--

Oct.4  ... .
Oct. 5   ...

Oct. 10   
Do ..    .
Oct. 12   

Do..... .
Oct. 13   
Oct. 15   

Oct. 18    
Oct. 19    
Oct. 21    
Oct. 23    
Oct. 26   .. 

Do...... 
Oct. 29   

Do...... 
Do    

Oct. 30    
Nov. 1.. .... 
Nov. 2    

Do-

Greenwich 
civil time 
at origin

h m 
18 55.4 
18 20.8 
2 42.0 

11 12.3 
7 07.8 
2 36.9 
6 18.9 
6 20.8 
7 36.8

5 18.4

7 52.6 
17 41.2 
6 24.5 
8 05.8 
2 32.5 
3 50.8 

12 53.8 
7 69.4 
7 17 
5 15.4 

20 02.6 
18 07.3

13 59.9 
7 07.1 

13 18 
5 21 
6 51. fi 

13 16. 9 
21 12. 2 
22 22.2 
18 43. 2 
11 34.8 
21 19. 5 
6 38.6 
8 15 
9 15.8 
5 06

8 09,6 
17 39.5 
18 3S.4 

1 01.9 
10 40.8 

7 40.9 
17 16 
0 56 

14 11.1

12 53.6 
13 01 
21 50. 2 
23 53.9 

9 44.4 
11 29 

3 03.4 
18 49 
13 56 
17 07 
6 32.5 

21 08. 8 
11 56.5 

3 10.1 
12 04.3 
0 40 
6 24.4 

19 32.1 
23 05.7 
5 53.1 

18 38.9 
22 35 
18 09.9 
16 10.0 
14 58.0 
20 46.0

Region and focal depth

Off Mindanao, Philippine Islands. Depth 120 km..

Near Taltal, Chile. Slightly deeper than normal ...

Destructive north of Taltal, Chile. Depth nearly 
normal. 

Near northeast coast of New Guinea. Depth nor 
mal.

Gulf of California. .... ...            

Hawaii. About 10 mil°s east of Kilo, Hawaii, accord 
ing to Hawaiian Volcanu Observatory 

Solomon Islands. ..... ..   _   -.-.       ......

Off Peru...-..-.---.   .............................

Probably south of Mexico in region of Chiapas. 
State.

Near west coast of Sumatra. Depth about 80 km... 
Western Nevada

Lassen Park, California, according to Berkeley.... ..

6 miles northeast of Niles, Calif., according to 
Berkeley.

--.do-..    ... ...     ... .... ...... ...      

East of Janan. Deoth about 80 km.... ......   

Coordinates of provi 
sional epicenter

Latitude

o
6.3 N. 
1 S. 

23.3 S. 
25.0 S. 
46.0 N. 

1.0 N. 
14 S. 
10± S. 
24.4 S.

3.0 S.

2.5 S. 
24.8 N. 
34. 1 N. 
25 N. 
30.5 N. 
16db N. 
32.4 N. 
33.7 N. 
36.6 N. 
32.4 N. 
8.5 N.

6.0 S.
18 N. 
33.5 N. 
33.8 N. 
22.3 N. 
15± N. 
5.5 N. 

53± S. 
20 S. 
45 N. 

5 S. 
10± S. 
32.9 N. 
45 N.

30.5 N. 
22.0 S. 
30.5 N. 
3.0 N. 

38.3 N. 
29.2 N.

34.2 N.

43.0 N.

2 N. 
28± S. 

2 N. 
29± N. 

7 N. 
37. 9±N. 
32. 6±N. 
32. 6±N. 

1 N. 
37 S. 

6 S. 
46.2 N. 

3 S. 
34.2 N. 
61.4 N. 
0 N. 

71.6 N. 
7 N. 

14 N. 
33. 7±N. 
38 S. 
38± S. 
47.4 N. 
38.1 N.

Longitude

o
127.0 E. 
127 E. 
173.1 W. 
69.9 W. 

118.3 W. 
77.3 W. 

172 W. 
173± W. 
70.5 W.

143.1 E.

143.5 E. 
110.0 W. 
106.7 E. 
110 W. 
113.5 W. 
93± W. 

115.6 W. 
116.3 W. 
117.8 W. 
115.6 W. 
127.2 E.

154.2 E. 
105 W. 
116.9 W. 
117.8 W. 
121.0 E. 
9S± W. 
95.0 E. 

140± E. 
174 W. 
153 E. 
106 W. 
157± E. 
116.4 W. 
151 E.

142.0 E. 
174.3 W. 
142.5 E. 
97.9 E. 

117.5 W. 
113.5 W.

117.9 W.

129.0 W.

123 E. 
179± E. 
127 E. 
113± W. 
127 E. 
118. 5±W. 
116. 0±W. 
116.0±W. 
126 E. 
73 W. 

153 E. 
12.5 E. 

128 E. 
117.2 W. 
149.7 W. 
99 E. 
6.6 W. 

82 W. 
145 F. 
118. 7±W. 
72 W. 
71± W. 

154.0 E. 
141.8 E.

i Epicenter based on field studies. Instrumental estimates varied by 0.2° east and west of this location.
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TABLE 1. Summary of instrumental epicenters Continaed

1936

Nov. 5......

Nov. 12..... 
Do......
Do......

Nov. 13.....

Nov. 15.....
Do......

Nov. 18 .....
Nov. 19..... 
Nov. 22.....
Nov. 23.....
Nov. 26-.  
Nov. 30.....

Do......

Dec. 5   
Do......

Dec. 14......

Dec. 20. _ .
Do......
Do......

Dec. 21......
Do......

Dec. 22-....

Do.......
Dec. 26...... 
Dec. 27.   
Dec. 29. ..... 

Do......

Greenwich 
civil time 
at origin

h m 
20 46.3 
11 38.0 
2 15.5 
8 28.3 

20 04.8 
12 31.5 

1 37.1 
21 50. 4 
22 20.8 
18 02 
21 10. 3 
18 19.4 
20 06.3 

2 12.0 
11 13 
23 45.8 

6 09.2 
0 38.1 
2 05 

21 30.9 
4 03.7 
2 57.4 
2 43.4 

13 23.5 
18 09.5 
19 03.3 
19 27.9 
9 17 
8 31 

20 03.9 
22 52.6 
0 14.7 

J3 58.7 
14 47.9

Region and focal depth

Northwest of Santa Barbara, Calif. By Pasadena.

. __ do.. ________________________

Coordinates of provi 
sional epicenter

Latitude

0

43± N. 
33? N. 
17.0 N. 
13.5 N. 
45.5 N. 
55.5 N. 
14± N. 
21 S. 
54? N. 
34. 7 N. 
14. 0 N. 
13.8 N. 
12.2 N. 
10.5 N. 
29 N. 
2.0 S. 

30.5 N. 
22 S. 
32.4 N. 
14 N. 
14.3 N. 
29± S. 
13.3 N. 
13 N. 

6 S. 
53.1 N. 
53.1 N. 
35.2 N. 
31.7 N. 
16 N. 
30 S. 
34.4 N. 
5± N. 
5 S.

Longitude

o
131± W. 
108? W. 
146.7 E. 
145.5 E. 
148.8 E. 
163.0 E. 
92± W. 

177 W. 
170? E. 
120. 2 W. 
90.7 W. 
90.8 W. 
70.1 W. 
84.3 W. 

113 W. 
126.5 E. 
129.4 E. 
74 W. 

115.6 W. 
145 E. 
119.8 E. 
69± W. 
88.9 W. 
89 W. 

104 E. 
131.5 W. 
131.5 W. 
118.2 W. 
115.1 W. 
105 W. 
178 W. 
139.2 E. 
90± W. 

154 E.



STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932 the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in the 
seismicaily active regions of the country to obtain data needed in the 
design of earthquake-resisting structures. Notes pertinent to the 
development of this program will be found in the three preceding 
issues of this series, Serials 579, 593, and 600, and in Special Publica 
tion 201, "Earthquake Investigations in California, 1934-35." 
Material in the "United States Earthquakes" series is restricted to 
the analysis of strong-motion seismograph records. Special Publica 
tion 201 is much broader in scope, containing date on structural and 
ground vibration and detailed descriptions of the various activities 
which comprise the seismological program as a whole. The reader 
is also referred to Special Publication 206, "Selection, Installation, 
and Operation of Seismographs", for descriptive material on strong- 
motion instruments and vibration meters in addition to similar infor 
mation on teleseismic instruments.

Interpretation qf records, with comments on previous work. The fol 
lowing analyses are based on the assumption of simple harmonic 
motion. This refers especially to the computation of displacement 
from accelerograph records. As most accelerograph records are of 
irregular character, and the character of the longer-period waves is 
often obscured by the superposing of shorter period waves of relatively 
large amplitude, the estimates of displacement must be considered as 
only approximate. One must refer to the illustrations of the curves 
themselves to evaluate the probable accuracy of the displacement 
estimates.

The analysis of accelerograms by methods of integration was dis 
cussed in "United States Earthquakes, 1935" particularly in connec 
tion with the Helena earthquake record of October 31, 1935. Although 
time has not permitted a more thorough study of the adjustments 
made in computing the displacement curves as published, a partial 
appraisal of integration methods is possible at this writing as a result 
of shaking table tests made at the Massachusetts Institute of Tech 
nology through a cooperative program arranged between the Depart 
ment of Civil and Sanitary Engineering of that institution and the 
Coast and Geodetic Survey. Instruments similar to those in use at 
Helena were placed on a shaking table designed especially for engineer 
ing seismological investigations and the computed displacements, 
obtained by integration, were compared with the recorded motion 
of the shaking table. It was agreed that the accuracy of integration 
methods was sufficient for engineering purposes. Errors enter into 
the work as a result of occasional shifting of the zero positions of the 
accelerometer pendulums and inaccuracies in the methods of magni 
fying and scaling the curves but these may be considered "slow- 
motion" effects which may distort long-period motions appreciably 
but have relatively little engineering significance. Long-penod wave

31
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forms, however, may be quite unreliable, but as a result of the tests 
certain sources of error have been revealed and marked improvement 
in the accuracy of the work is anticipated.

Further investigation of irregularities in the motion of translation of 
the recording drum at the Los Angeles subway terminal station 
during the Long Beach earthquake indicated that the long-period 
displacements of large amplitude computed from that record (see p. 39, 
Special Publication 201) may be due largely to that cause. It will be 
recalled that base lines were later placed on all records to eliminate 
this type of error. A recomputation of the subway terminal record 
is contemplated.

In appraising the analysis of the Helena, Mont., record of October 
31, 1935, as described in Serial 600 "United States Earthquakes, 
1935" it now appears very probable that the slow linear deviations 
in the velocity curves (with corresponding parabolic effects in the dis 
placement curves) should be charged to abrupt shifts of the zero posi 
tions of the accelerometer pendulums. Linear adjustments of the 
velocity curves could therefore be made which would practically 
eliminate the large displacements which appear in the two interpreta 
tions of the displacement curves, on pages 77 and 78 of that publica 
tion. It also appears that slow deviations of the order of 1 or 2 centi 
meters may be due to errors entering into the work because of paper 
distortions resulting from enlarging processes, a type of error which 
can apparently be greatly reduced, if not practically eliminated. 
The true form of the displacement curves may therefore very easily 
be pictured as simply a series of irregular oscillations about a practi 
cally straight axis. This would in no sense eliminate the wave of 
approximately 2-seconds period which appears within the first 5 sec 
onds of the computed displacement curves but would develop much 
more clearly its true form, which, in the analysis given, is largely 
obscured by relatively slow and evidently spurious displacements.

With reference to the possibility of recording a permanent vertical 
displacement, as discussed on page 78 of Serial No. 600, a preliminary 
examination of the data obtained by rerunning a line of levels in the 
vicinity of Helena reveals that marked changes occurred at only two 
bench marks, roughly 15 and 30 miles south of Helena, and they are 
believed to have been due to frost or other action on stone markers. 
None of the bench marks in or close to Helena exhibited movements 
of an order of size greater than about 2 cm. It must therefore be 
concluded that no adjustment of the vertical displacement curve can 
be legitimately made which involves a permanent displacement of 
appreciable magnitude.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the 
acceleration of gravity, indicated by "g," which is equal to 980 
cm/sec.a For practical purposes it is only necessary to point off three 
decimal places to convert cm/sec.2 to "g."

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light Spot, in centimeters for a constant acceleration of 
100 cm/sec.2 This means that the seismometer pendulum is tilted 
sideways until the effective component of the earth's gravitational 
field is equal to 100 cm/sec.2 , or practically 0.1 g.
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The following are constants which may be used in converting c. g. s. 
units to the customary English units:

1 cm=0.3937 in. = 0.03281 foot
1 cm/sec. = 0.03281 ft./sec.
1 cm/sec.2 =0.03281 ft./sec.2
1 cm= 10 mm.
0.1 g= 98 cm/sec.2 = 3.215 ft./sec.2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are usu 
ally tracings of the original record and must not be accepted as genuine 
copies. The illustrations are intended to show the nature of the data 
rather than furnish a means through which the reader can make his 
own measurements. It is realized that the slightest variations in the 
copy can easily lead to misleading conclusions. Those who desire 
true copies for critical study should address the Director of the Bureau 
for further particulars.

The tabulated instrumental constants refer to th0 original records. 
The tracings appearing in this publication are reduced so that if the 
constants are applied to them a correction will be necessary because of 
the reduction. The reductions are approximately in the ratio of 
1.6 to 1.

TABLE 2. List of shocks recorded and records obtained on strong-motion seismographs in 1936

Date, epicenter, and recording station

Feb. 13; Helena, Mont.: Helena. _________ . _______________

Total...  .  ,..  .-  .- ..-. .  _ .- . - 

Records »

Accelero- 
graph

1 
1 
1 
1 
1 
1 
1

7

Displacement 
meter

I

i

' No records were obtained on Weed strong-motion seismographs.

THE HELENA, MONT., EARTHQUAKE OF FEBRUARY 13, 1936, AT 17:30 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Probably about 3 miles northeast of Helena.
Maximum intensity and damage. Some minor damage and much 

alarm at Helena.
Area affected. About 30,000 square miles.
Summary of strong-motion records. 
HELENA: Probably about 3 miles southwest of epicenter. Recorded 

on the accelerograph in the basement of the Federal Building.

ANALYSIS OF THE HELENA RECORD OF FEBRUARY 13

Accelerograph record. Figure 7. The record is typical of many 
other aftershocks recorded at Helena. With the exception of one 0.5 
sec. wave registered on a horizontal component at the start, it consists 
chiefly of an irregular series of 0.13 and 0.09 sec. waves gradually
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tapering down from a maximum at the start to zero at about 25 sec. 
The maximum acceleration, attained by only one wave, is about 20 
cm/sec.2

THE SOUTHERN CALIFORNIA EARTHQUAKE OF FEBRUARY 23, 1936, AT 14:20 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. 34°07 / north, 117°25 / west, near Col ton, according to 
Pasadena.

Maximum intensity and damage. V at Colton and nearby. Dam 
age slight.

Area affected. About 11,000 square miles.
Summary of strong-motion records. 
COLTON: About 6 miles south 63° east of epicenter. Recorded on 

the accelerograph which is located on the ground floor of one of the 
Southern California Edison Company substation buildings.

ANALYSIS OF THE COLTON RECORD OF FEBRUARY 23

Accelerograph record. Figure 7. The outstanding feature of the 
accelerogram is the prominence of waves of 0.13 sec. period. They 
are rather uniformly active during the first 5 seconds, thereafter 
gradually tapering off until at 30 seconds all apparent activity ceases. 
Maximum acceleration is about 25 cm/sec.2 , which corresponds to a 
displacement of little more than 0.01 cm. In one instance a period 
of 0.20 sec. is quite prominent with maximum acceleration of 12 
cm/sec.2 , corresponding to a displacement also of about 0.01 cm. The 
accelerations on the vertical component are of roughly three-fourths 
the magnitude of those on the horizontal components.

Displacement-meter record. The two components show short-period 
displacements of only a few tenths of a millimeter, corresponding 
substantially to the values estimated from the accelerogram. No 
longer periods than those already mentioned are apparent. After 
20 seconds all activity apparently ceases. I

THE PANAMA CANAL ZONE EARTHQUAKE OF MAY 6, 1936 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Not known, but probably within 50 miles of Balboa,
C.

Maximum intensity and damage. No damage except for a few 
cracks and some loosened tile.

Area affected. Not known. General alarm throughout the 
Isthmus.

Summary of strong-motion records. 
MIRAFLORES, C. Z.: Within about 50 miles of the epicenter. 

Recorded on the accelerograph in the Centerwell Operating Tunnel 
of the Miraflores Locks.

ANALYSIS OF THE MIRAFLORES RECORD OF MAY 6

Accelerograph record. Figure 7. Motion is perceptible for only a 
few seconds and consists of rather regular trains of waves, especially 
on the horizontal components. On the north-south component the 
maximum acceleration shown is about 60 cm/sec.2 This occurs at
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the beginning of the record, and may have been preceded by stronger 
motion occurring before the starting mechanism had time to operate. 
The dominant period is about 0.15 sec.

On the east-west component the maximum acceleration is about 50 
cm/sec.2 , and occurs at the beginning of the record so that again the 
maximum acceleration may have been lost. The dominant period is 
about 0.16 sec.

On the vertical component the maximum acceleration is about 
7 cm/sec.2 , occurring about % second after the beginning of the record. 
The dominant period is about 0.13 sec.

The small differences in period from component to component are 
more probably due to inaccuracies in measurement than to actual 
differences in the motion of the ground. The wave groups following 
the first impulsive horizontal movement are of only about one-sixth 
the magnitude of the first impulse. The maximum horizontal dis 
placement was close to 0.05 cm.

THE EARTHQUAKE OF JUNE 3, 1936, OFF CAPE MENDOCINO

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Off Cape Mendocino, at 40.16° north, 126.45° west, ac 
cording to Berkeley.

Maximum intensity and damage. V on shore. Damage none or 
slight.

Area affected. About 1,800 square miles on land.
Summary of strong-motion records. 
FERNDALE: About 122 miles north 75° east of the epicenter. 

Recorded on the accelerograph in the basement of the Federal 
Building.

ANALYSIS OF THE FERNDALE RECORD OF JUNE 3

Accelerograph record. Figure 8. Motion is perceptible throughout 
the 90 seconds of the record. It is for the most part rather irregular 
 a characteristic of strong distant shocks.

On the northwest component the most prominent motion occurs 
about 13 seconds after the beginning of the record. The acceleration 
is about 17 cm/sec. 2 , and the period about 0.44 sec.; the motion is 
irregular, with shorter-period motion superposed. Other prominent 
periods on this component are approximately 0.35, 0.50, and 0.82 
sec., with accelerations of 12, 9, and 7 cm/sec. 2 , respectively, occurring 
14, 9, and 26 seconds, respectively, after the beginning of the record. 
There is irregular activity of 6 or 7 cm/sec.2 near the beginning of the 
record.

On the southwest component the short-period activity at 13 seconds 
is more pronounced than the long-period, the maximum acceleration 
of 15 cm/sec.2 being associated with a 0.19 sec. period. There are 
waves of periods 0.50 and 0.17 sec., with accelerations 10 and 9 cm/sec.2 
respectively, occurring at 9 and 16 seconds, respectively, after the 
beginning of the record.

The motion is weaker and less regular on the vertical component. 
The most prominent motion, occurring at 14 seconds, has a period of 
about 0.32 sec. and an acceleration of about 9 cm/sec.2 There are 
some waves of period about 0.39 sec. and acceleration 4 cm/sec.2 , with 
weak motion of about half their period superposed at about 3 seconds 
after the beginning of the record.
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Down
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West

0 Seconds_ ______ j> _____ ____12_

February 13. Helena accelerograph record.

Downhtyftjjtff(hyw^
West

0 Seconds

February 23 Colton accelerograph record.

Southeast

0 Seconds 5 10 15 

Southwest

20 25

February 23. Colton displacement-meter record.

Down

West

North

10

May 6. Miraflores accelerograph record.

FIGUEE 8. Tracing of Ferndale accelerograph record of June 3,1936.
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The maximum displacement of the wave groups just mentioned is 
close to 0.1 cm.

THE HELENA, MONT., EARTHQUAKE OF JUNE 11, 1936 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Probably about 3 miles northeast of Helena.
Maximum intensity and damage. Intensity about V. Very slight 

widening of cracks in walls previously damaged at Helena.
Area affected. Unknown, but not large.
Summary of strong-motion records. 
HELENA: Probably about 3 miles southwest of epicenter. Re 

corded on the accelerograph in the basement of the Federal Building.

ANALYSIS OF THE HELENA RECORD OF JUNE 11

Accelerograph record. Figure 9. The motion is perceptible for 
only a few seconds. Periods are short and accelerations small. On 
the north-south component the period is about 0.12 sec. with shorter 
periods superposed, the acceleration being about 17 cm/sec.2 On the 
east-west component the period 0.07 sec. is well marked, with ac 
celeration about 26 cm/sec.2 The acceleration on the vertical com 
ponent is about 13 cm/sec. 2 , but the waves are not very regular; there 
is indication of periods in the neighborhood of 0.1 sec. Maximum ac 
celerations occur at the beginning of the record on all three components 
and may have been preceded by stronger motion.

THE HELENA, MONT., EARTHQUAKE OF JUNE 12, 1936 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Probably about 3 miles northeast of Helena.
Maximum intensity and damage. Intensity about V. Caused 

slight widening of cracks in walls previously damaged at Helena.
Area affected. Unknown.
Summary of strong-motion records. 
HELENA: Probably about 3 miles southwest of epicenter. Recorded 

on the accelerograph in the basement of the Federal Building.

ANALYSIS OF THE HELENA RECORD OF JUNE 12

Accelerograph record. Figure 9. The motion is perceptible for 
only a small fraction of a minute. Periods are short and accelera 
tions small. On the north-south component the period is about 0.09 
sec. and the acceleration 17 cm/sec.2 Motion is a little more regular 
on the east-west component, the period being about 0.06 sec. and the 
acceleration 36 cm/sec. 2 On this component the maximum accelera 
tion occurs at the beginning of the record, and may have been pre 
ceded by stronger motion. The vertical component shows motion of 
period about 0.12 sec., with shorter-period motion superposed, the 
acceleration being about 14 cm/sec.2

THE EAST CENTRAL CALIFORNIA EARTHQUAKE OF OCTOBER 10, 1936, AT 10:49 

EARTHQUAKE DATA AND RECORDING STATIONS

Epicenter. Northwest of Bishop, at about 37°52' north, 118°30' 
west, according to Pasadena.
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Maximum intensity and damage. IV at Laws and Bishop, Calif. 
No damage.

Area affected. Small.
Summary of strong-motion records. 
BISHOP: About 36 miles south 10° east of epicenter. Recorded on 

the accelerograph on the ground floor of the office and garage of the 
Los Angeles Water Department.

ANALYSIS OF THE BISHOP RECORD OF OCTOBER 10

Accelerograph record. Figure 9. The record shows only moderate 
activity. The most active portion lasted about 12 seconds; after 45 
seconds the motion is almost imperceptible.

The dominant waves are more pronounced and more regular on the 
north-south component than on the other two. Their period is about 
0.17 sec. and their maximum acceleration about 12 cm/sec. 2 ; this cor 
responds to a displacement of about 0.01 cm. Other periods on the 
record range from 0.08 sec. to 0.20 sec.

TABLE 3. Summary of strong-motion seismograph data for the year 1936 >

[See text for more detail and description of the seismograms] 

HELENA, MONT., EARTHQUAKE OF FEB. 13.

Station and instrument Earth-wave period Maximum accel 
eration

Maximum 
displacement

Seconds Cm/sec,' Cm 
Helena accelerograph.._____________ 0.5 *__.

0.13 3. 
0.09 a.

20 «.

SOUTHERN CALIFORNIA EARTHQUAKE OF FEB. 23

Colton accelerograph«.______________ 0.20"..________ 12________ 0.012  
0.13«'»....  _... 25*.............. 0.011  

Colton displacement meter i".

PANAMA CANAL ZONE EARTHQUAKE OF MAY 6

Miraflores accelerograph___....._____.. 0.16 n_.___.___. 60________ 0.032"
0.15"................. 60.........  .- 0.034"
0.13 11»__............. 7...._......... 0.004«

EARTHQUAKE OF JUNE 3 OFF CAPE MENDOCIN

Ferndale accelerograph_.____.______ 0.82*.____.___.. 7.  .      0.12"
0.50..........._._. 10, 9............ 0.06  
0.443713...___.__. 17________. 0.083"
0.35*..............._ 12...........__ 0.037"
0.19........ ........ 15....._....... 0.014"
0.17.........   ...... 9..  .......... 0.006"
0.39 is 13H .___ . 4____ ____ 0.015"
0.32"13 »....____.. 9_...___.__ 0.023"

HELENA, MONT., EARTHQUAKE OF JUNE 11

Helena acceleiograph »................__.... 0.12 «".. ..........  17......... ... 0.006 «
0.07'........   ., 26..    ... 0.003

('«) 18.

See footnotes at end of table.
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T IBLE 3. Summary of strong-motion seismograph data for the year 1936 Continued 

HELENA, MONT., EARTHQUAKE OP JUNE 12

Station and instrument Earth-wave period

Seconds 
0.09 *..... .............
OM*-.. ..............
0.12* » u

Maximum accel 
eration

Om/*ec.» 
17 .. .. _ ..
361'. __ . _ ....
14*.......... _ .

Maximum 
displacement

Cm 
0.003*
0.003>
0.0051

EAST CENTRAL CALIFORNIA EARTHQUAKE OF OCT. 10

0.17*..   . ..........
0.08-0.20 ". ... ......

12*.... _ ....... 0.009 < I

i This tabulation does not attempt to combine the two horizontal components. 
1 Horizontal component at the start.
  Irregular. 
4 Approximate value.
» The accelerations on the vertical component are of roughly three-fourths the magnitude of those on the 

horizontal components.
  Horizontal component. 
' Prominent.

5f>
  Computed from the measured acceleration by means of the formula .4 r~ta, in which a is the maximum

acceleration, T the period, and A the displacement amplitude. In the case of waves not of simple harmonic 
form, the results obtained by use of this formula are only approximate.

  Active during the first 5 seconds of the record.
w The two components show short-period displacements of only a few hundredtbs of a centimeter, corre 

sponding substantially to the values estimated from the accelerogram. No longei periods than those tabu 
lated are apparent.

» Rather regular motion.
i* On the vertical component.
i' Shorter-period motion superposed.
14 Motion less regular than on the horizontal components.
» Maximum accelerations occur at the beginning of the record on all three components.
i« Irregular motion on the vertical component with indication of periods in the neighborhood of 0.1 sec.
i' Maximum at the beginning of the record.
i« Not so pronounced or regular as the preceding.

TABLE 4. Instrumental constants of strong-motion seismographs in 1936

HELENA, MONT., EARTHQUAKES OF FEBRUARY 13 AND JUNE 11 AND 12

Station and instrument Orientation of instru 
ment

N.-S... ...............
E.-W...    ........

Pendu 
lum 

period

Sec. 
0.098
0.098
0.101

Static 
magni 

fica 
tion

106
108
107

Sensi 
tivity i

Cm 
2.57
2.62
2.75

Damp 
ing 

ratio

10
13
10

Instru 
ment 
num 
ber

V14
L35
T31

SOUTHERN CALIFORNIA EARTHQUAKE OF FEBRUARY 23

E.-W... ........... ...
S.-N... . ..............
NW.-SE   .........
NE.-SW..   .......

0.097
0.100
0.099
9 9
9.95

100
101
106

1.14
1.14

2.39
2.55
2.63

8
8
9
4
5

V5i
L5(
T«
Rl(
Ll(

PANAMA CANAL ZONE EARTHQUAKE OF MAY 6

E.-W.................
S.-N..................

0.105
0.101
0.101

110
116
112

3.08
2.99
2.89

(4)
3

(<)

V73
L74
T75

1 The sensitivity is the number of centimeters deflection on the seismogram that corresponds to 100 
cm/sec. 2 of acceleration. The deflection corresponding to 1/10 gravity may be obtained by multiplying the 
sensitivity tabulated by 0.98. (See p. 32.)

2 Not equipped with tape recorder.
* The direction on the left (Up in the first case) indicates the direction of pendulum displacement relative 

to instrument pier which will displace the trace upward on the original seismogram. 
«Doubtful.
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TABLE 4. Instrumental constants of strong-motion seismographs in 1936 Continued 

NORTHERN CALIFORNIA EARTHQUAKE OF JUNE 3

Station and instrument Orientation of instru 
ment

S. 45° W.-N. 45° E   
N. 45° W.-S. 45° E..__

Pendu 
lum 

period

Sec. 
0.098
0.098 
0.100

Static 
magni 

fica 
tion

101
113 
107

Sensi 
tivity

Cm 
2.47
2.75 
2.72

Damp 
ing 

ratio

9.5
6.5 
9.5

Instru 
ment 
num 
ber

V10
L4 

T15

EAST CENTRAL CALIFORNIA EARTHQUAKE OF OCTOBER 10

E.-W             
N.-S-

0.101
0.100
0.099

109
107
108

2.81
2.71
2.68

10
11
11

V23
L36
T19

TABLE 5. List of strong-motion seismograph stations, 1936

Station and foundation

NORTHERN CALIFORNIA

Oakland: 
City Hall: Alluvium:

San Francisco: 
Alexander Building: Alluvium:

450 Sitter: Rock:

Golden Gate Park: Rock... __ __ .... ____ ......
Shell Building. Rock:

Southern Pacific Building: Alluvium and made 
ground:

San Jose: 
Bank of America Building: Alluvium: 

Thirteenth floor. ___ ... ____________

SOUTHERN CALIFORNIA

Bishop: Office Los Angeles Water Department: Allu 
vium. 

Colton: Southern California Edison substation: Allu 
vium.

Alluvium. 
Hollywood: 

Storage Co.: Alluvium:

Lone Beach: Public Utilities Building: Alluvium ...

Instrument

ment-meter.

.....do,.-.......... . ... ..

.....do..-......    ....

  .do...           

.....do..-            

..... do.-.   .... ...... .... .
  do.--         

.....do.--..   ..... ...... ...

..... do...      ....   ... .

... . .do..-  . ..    .

.....do.--   ................

..... do...   ....       

ment-meter. 
.....do....        -  .

... ..do.--..           .
  do...        .

   do..  .         

Accelerograph and displace 
ment- meter.

  do.-..        .
   .do...            
   do.-.   ... ... ..... . ..
  ..do.--.     ....   ... .

Date of installation

November 1932.
May 1933.

Do.

June 1933.
Do.
Do.
Do.

November 1934.
October 1935.
November 1934.

October 1933.
November 1934.
December 1935.

October 1933.
May 1934.
October 1933.

October 1934.
December 1932.

April 1933.

September 1932.
Do.

August 1932.

June 1933. 

January 1933. 

July 1932.

June 1933.
Do.

December 1934.
July 1932.

1 The instrument on the Pacific Electric Co. lot in Hollywood is in a separate small building several 
hundred feet from the Hollywood Storage Co. building, and should provide data which will be free from 
vibrations set up by the building itself. It is connected with the two accelerographs in the Hollywood 
Storage Co., making a set of three instruments in one locality operating under different conditions. They 
are connected electrically for simultaneous starting and time marking.
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TABLE 5. List of strong-motion seismograph stations, 1936 Continued

Station and foundation

SOUTHERN CALIFORNIA   continued

Los Angeles: 
Chamber of Commerce: Alluvium:

Edison Building: Hardpan or clay. _________
Subway Terminal : Hardpan or clay: 

Thirteenth floor....... .._--_--.--.._.-_-_- _ ...

Central Manufacturing District Warehouse at Ver-

Pasadena: California Institute of Technology: Allu 
vium.

San Bernardino: County courthouse: Alluvium _ ...
San Diego: Consolidated Gas and Electric Co.: Allu 

vium..... ...

Allrvium:

MISCELLANEOUS

Bozeman, Mont.: Montana State College: Alluvium
and glacial drift.

rock.

Alluvium. 
Helena. Mont.: Federal Building: Rock ... .........

vium. 
Missoula, Mont.: Montana State University: Sedi

mentary rock.

Instrument

Accelograph... ___ . _ ...

seismograph.

. .do.....................

ment meter.

Accelerograph, displace 
ment-meter and Weed seis 
mograph.

.. do---      .

.....do......-...  .... ....

  do.--        

.... .do....- ....... .........

   do.-..    ...      
  ..do.-            

  do.--        

Date of installation

November 1934.

December 1934.

Do.
August 1932.

July 1932.
May and June 1933 

June 1933.

July 1932.
June 1933.

Do.
Do.

September 1936.

Do.

November 1936.

September 1936J
April 1935.

September 1936.

2 Weed seismograph removed in April.
3 Permanent installation replacing the accelerograph from San Francisco which had been temporarily 

Installed in October 1935.

DESCRIPTIONS OF STRONG-MOTION SEISMOGRAPH STATIONS

NOTE. Descriptions of the following stations will be found in Serial No. 593, "United States Earthquakes, 
1934": Bishop, Los Angeles Water Department office and garage; Ferndale, Town Hall. A description of 
the Helena. Mont., station in the Federal Building will be found in Serial No. 600, "United States Earth- 
quakes, 1935."

COLTON, CALIF.

SOUTHERN CALIFORNIA EDISON COMPANY SUBSTATION BUILDING 

Accelerograph on ground floor

The building is on South Mt. Vernpn Avenue, just north of the 
Santa Ana River. (This river, except in flood seasons, is dry at this 
point, although there is considerable underground flow.) The build 
ing is a simple one-story structure of reinforced concrete. The in 
strument piers are set on the concrete floor, which is about 1 foot above 
the natural ground level. The size of the building is 45' x 20' x 13'3" 
high.

This station is situated on the alluvial flood plain of the Santa Ana 
river and is underlain by not less than many tens, and possibly some 
hundreds, of feet of alluvium. The material consists of gravel and 
sand, and rests on a rough bedrock surface of granite. The water 
surface is at a depth of perhaps 20 or 30 feet. The station is located 
a mile from the San Jacinto fault; the San Andreas fault lies several 
miles farther to the east.



44 U. S. COAST AND GEODETIC SURVEY

MIBAFLOBES, PANAMA CANAL ZONE

MIRAFLORE8 LOCKS

Accelerograph in centerwa.ll operating tunnel

The accelerograph site is in an alcove of the centerwall operating 
tunnel floor of the Miraflores Locks. This centerwall is 81 feet high 
and 60 feet wide, and the operating tunnel floor is about 70 feet above 
the base. The neighboring lock chambers may vary in water content 
from empty to 75 feet deep. The centerwall sits on a foundation of 
a well-bedded tuff containing some argillitic material. The wall is of 
mass concrete, except that reinforced concrete was used at numerous 
machinery chambers. The Miraflores Locks are surrounded by es- 
tuarine deposits and alluvium at the higher levels. The accelerograph 
was moved from the Administration Building at Balboa Heights to 
the Miraflores Locks location on April 27, 1935.

TILT OBSERVATIONS

The following quotation on tilt observations during 1936 is taken 
from the annual progress report of F. P. Ulrich, who is in charge of 
the Bureau's Seismological Field Survey with headquarters at San 
Francisco:

The four tiltmeters at the University of California have been kept in operation 
during the past year. In February 1936, an automatic recorder was installed on 
tiltmeter No. 2. Pictures of the installation and typical records were published 
in the Bulletin of the Seismological Society (p. 220, vol. 26, No. 3). This installa 
tion has not been as satisfactory as expected, because rainfall unduly affects the 
tiltmeter. Recently the automatic recorder has been transferred to tiltmeter No. 
3, where a dependable record can be obtained. Fig. 10 shows the tiltgrams for 
1936. The record from tiltmeter No. 2 is very irregular and shows the effect of 
rainfall upon the earth's tilt. However, all the irregular tilt cannot be ascribed to 
rainfall. The period from July to December shows very marked tilt trends and 
during this period there was practically no rainfall. The irregular tilting may be 
caused by a fluctuating flow of underground water at this particular location. The 
record from tiltmeter No. 2 has been so uncertain that the operation of the instru 
ment was temporarily discontinued after the tiltmeter pit was flooded during the 
latter part of December. No hard shocks occurred during 1936 in the vicinity of 
the tiltmeters and no noticeable effects can be noted on the tiltgrams for the three 
small shocks that centered relatively close to the tiltmeters.

Figure 10 shows the tilt curves for the year 1936 with the usual 
seismic and meteorological data.

ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1929. Serial No. 511, "United States Earthquakes, 1929," page 17. 
For the area of the Attica earthquake read 100,000 square miles 
instead of 50,000 square miles.

1932. Serial No. 563, "United States Earthquakes, 1932," page 5. 
Earthquake of January 26 at bottom of page. For "Grovemont" 
read "Grovont," Wyo.

1933. Serial No. 579, "United States Earthquakes, 1933," page 7. 
The earthquake of May 28 at Maysville, Ky., should be listed under 
"Central Region" instead of "Eastern Region."

1934. See "The Earthquake of July 6, 1934: Amplitudes and First 
Motion," by Perry Byerly, Bulletin of the Seismological Society of 
America, vol. 28, No. 1, January 1938, page 1.

1935. Serial No. 600, "United States Earthquakes, 1935," page 58. 
For the region of the earthquake of August 17 read "Near New 
Caledonia" instead of "Near Tonga Islands."
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UNITED STATES EARTHQUAKES, 193?

INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1937. The history of the more important shocks of the country 
appears in a two-volume publication of the Bureau, Serial 609, 
entitled "Earthquake History of the United States. Part I: Con 
tinental United States (Exclusive of California and Western Nevada) 
and Alaska," and "Earthquake History of the United States. Part 
II: California and Western Nevada." They are revised editions of 
Special Publications 149 and 191 which are now obsolete.

The history of minor activity is covered largely in a series of refer 
ences listed in Serial 609, in recent reports of the United States Coast 
and Geodetic Survey, and in a recent bulletin of the Seismological 
Society of America. 1 The last two references give very detailed 
information for all California earthquakes. The last one contains 
all of the information appearing in the early catalogs published by the 
Smithsonian Institution.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the local seismological institutions indicated in the lists of earth 
quakes for those regions. Earthquakes adjacent to the United 
States and felt within its borders are described only in a general way 
when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these publica 
tions may be as complete as possible in the more important details of 
earthquakes and in references, it is desired that investigators cooperate 
to the fullest extent, as such cooperation will be to the mutual advan 
tage of everyone concerned. The Bureau is willing to furnish in 
vestigators all information at its disposal, consisting principally of 
seismographic records and postcard questionnaires obtained in many 
instances through special canvassing of affected areas. In return 
it is requested that advance notices be furnished of results obtained 
so that abstracts and references may be inserted in these reports. 
An advance notice of a planned investigation might save considerable 
overlapping of effort and would give wider publicity to the work of 
the investigator.

Sources of information. The noninstrumental information has been 
furnished by a large number of individuals and organizations whose 
volunatry cooperation has made it possible to prepare descriptions 
of the earthquakes of this country with a completeness and accuracy 
never before attained. Lack of space prohibits giving individual

'Descriptive Catalog of Earthquakes of the Pacific Coast of the United States, 1769 to 1928. S. D. 
Townley and M. VT. Alien, Bulletin of the Seismological Society of America, Vol. 29, No. 1, January 1939.
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credit to all of the cooperators. The principal sources of information 
are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The Seismological Field Survey of the Bureau at San Francisco, cooperating 

with the Seismological Laboratory of the California Institute of Technology, 
the Seismological Station of the University of California, and Stanford University. 
Among the commercial agencies on the West Coast rendering valuable services 
are telephone, power, oil, railroad, and, especially, insurance companies. Certain 
concerns interested in the earthquake-resistant qualities of their products are 
also active, together with various organizations of structural engineers and 
architects.

The reports from Alaska are due largely to the efforts of Dr. C. E. Bunnell, 
president of the University of Alaska.

Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seismological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its Seismological Field Survey at San Francisco, 
canvasses areas affected by shocks of unusual intensity, unless such 
work is undertaken by other organizations such as the Jesuit Seismo 
logical Association or by State and other interested geologists. In 
this way the extent and the maximum intensities of all heavy shocks 
are determined and the data are usually sufficient to construct isoseis- 
mal maps or, at least, maps of the affected areas. The Seismological 
Station of the University of California, Berkeley, (Perry Byerly in 
charge) and the Seismological Laboratory of the California Institute 
of Technology, at Pasadena, cooperate actively in the canvassing 
program of the Seismological Field Survey at San Francisco.

Note on the regional earthquake lists. The destructive features of 
all shocks are enumerated in the abstracts, but otherwise the descrip 
tive matter is reduced to a minimum. The original reports are open 
for inspection by anyone interested in unpublished details. More 
detailed descriptions of earthquakes on the West Coast will be found 
in the mimeographed reports available at the San Francisco Field 
Station of the Bureau.

Beginning with the 1931 number of this series, Serial 553, the 
Coast and Geodetic Survey has used and will continue to use the 
modified Mercalli intensity scale of 1931, in place of the Rossi-Forel 
scale, to designate the intensity of earthquake activity. All intensity 
numbers therefore refer to the new scale unless otherwise designated. 
The reasons for this change are set forth in an article entitled "Modi 
fied Mercalli Intensity Scale of 1931," by Harry 0. Wood and Frank 
Neumann, in the December 1931 number of the Bulletin of the 
Seismological Society of America, volume 21, No. 4. This article 
contains the original unabridged scale and also an abridged scale. 
The latter is given here, together with equivalent intensities according 
to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931 

(Abridged)

I. Not felt except by a very few under especially favorable circumstance.?. 
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)
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III. Felt quite noticeably indoors, especially on upper floors of buildings, 
but many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. 1 Vibration like passing of truck. Duration 
estimated. (Ill Rossi-P'orel scale.)

TV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make creaking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale )

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motor cars. (VIII  Rossi-Forel 
scale.)

VIIL Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIIT+ to IX  Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX-f- Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XT. Few, if any (masonry), structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipe lines completely out of 
service, Earth slumps and land slips in soft ground. Rails bent 
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumental 
report and is reliable. In other instances quite large deviations are 
frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States nor are minor after 
shocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the Seismological 
Station of the University of California under the direction of Prof. 
Perry Byerly or the Seismological Laboratory of the California Insti 
tute of Technology, at Pasadena. The bulletins of these institutions 
should be consulted for further details and often for data on additional 
shocks. See also "Northern California Earthquakes, January 1 to 
December 31, 1937," by P. Byerly and J. N. Adkins in the Bulletin of 
the Seismological Society of America, volume 28, No. 4, October 
1938, and similar articles in earlier volumes.
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Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used.

Within the United States the same regional arrangement has been 
followed as in Serial 609 previously mentioned.

Special report. Attention is invited to a special quarterly report 
issued by the Bureau's Seismological Field Survey, with headquarters 
at San Francisco, entitled "Abstracts of Earthquake Keports for the 
Pacific Coast and the Western Mountain Region." The reports are 
in mimeographed form and tabulate in unabridged style all informa 
tion contained in noninstrumental reports collected in the region 
indicated.

INSTRUMENTAL RESULTS

Teleseismic results. On page 27 is a list of Bureau and cooperating 
teleseismic stations for which the Bureau publishes results. The 
list of epicenters which usually appears in this section has been 
omitted because the work for the year was not completed when this 
publication went to press. It is expected that the list for 1937 will 
appear in the 1938 publication. Immediate epicenter determinations 
are frequently made through the cooperation of Science Service, the 
Jesuit Seismological Association, the Coast and Geodetic Survey, 
and individual stations and the results broadcast without delay to 
Europe and points in the Pacific. Postal card reports are also issued.

Strong-motion results. The introductory remarks in the chapter on 
this subject explain in detail the purpose of the work, which is pri 
marily to furnish engineers exact information concerning ground 
movements in the central regions of strong earthquakes. The instru 
mental equipment is essentially different in type from teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a strong 
earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of Seismological research being carried out on the Pacific coast 
between the Bureau and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Bureau's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-35."

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication.



NONINSTRUMENTAL RESULTS

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: A fairly strong shock on July 23 with one aftershock, and a feeble 
shock on December 17.

California: The most widespread shock of the year was that of March 25 
originating in an uninhabited part of southern California; maximum intensity 
VI-VII. The shock near Berkeley on March 8 was slightly destructive. Other 
earthquakes of V and over, felt practically only in California, occurred on January 
8, February 6, March 5, April 20, July 7, 18, September 1 (2 shocks), and Novem 
ber 21. In the California-Nevada border region strong shocks occurred on Feb 
ruary 19, Apri1 24, June 18, August 5 and 18. The usual number of minor shocks 
were recorded.

Connecticut: Slight shock on July 27.
Delaware: Slight shock on December 3.
Idaho: Sharp localized shock on December 18.
Illinois: Moderate shock on November 17; a slight one on August 5.
Maine: Feeble shock on October 12.
Missouri: Slight shocks on January 30, May 16, August 5, and October 5. 

That of May 16 originated practically on the Arkansas-Missouri border.
Montana: Moderate shocks occurred in the Helena area on May 23, October 

6, 15, November 19 and 27. About 150 aftershocks of the 1935 disturbances 
were listed in 1937 by the local office of the United States Weather Bureau. 
Light shocks occurred in other parts of the state on September 6, 10, and 15, those 
of the 6th and 15th originating close to the Montana-Yellowstone Park border.

Nevada: Moderately strong shocks occurred in the California-Nevada region 
on February 19, April 24, June 18, August 5 and 18. There were other shocks 
on September 17 and November 18, the latter rather widely felt in northeastern 
Nevada and northwestern Utah. A strong shock occurred at Boulder Dam on 
November 11. There were about 12 other moderately strong shocks out of a 
total of about 160 tremors reported for the year.

New Jersey: Slight local shock on September 30.
New Mexico: Slight shock on September 29.
New York: A moderately strong shock originated near the western end of Long 

Island on July 18. Slight shocks were reported from other sections on February 
21, March 10,' October 11 and 12.

Ohio: Destructive shocks near Anna, Ohio, on March 2 and 8 were the strongest 
in the entire country for 1937. There was a slight tremor near Cincinnati on 
October 16.

Oregon: Slight shocks on February 8 and December 14.
Pennsylvania: Slight local shock on June 8.
South Carolina: Slight shock on October 25.
Tennessee: Slight shock in western part on June 23.
Texas: Slight shock on March 31 near El Paso.
Utah: A series of moderate shocks of decreasing intensity occurred in the 

southern central part of the State in February and March. The Nevada earth 
quake of November 18 was widely felt in the northwestern part of Utah.

Vermont: Local shock on December 2.
Virginia: Local shock on Fepruarv 2.
Washington: Slight shocks occurred in the Puget Sound area on September 28, 

November 1, 11, 26, and December 28; and in the Walla Walla area on February
9. June 4, and September 20. There was a local shock near Spokane on August
10.

Wyoming: Slight shocks in the Yellowstone Park area on April 27, August 7, 
September 6 and 15.

Alaska: A shock of destructive intensity centered near Fairbanks on July 22 
and was followed by many aftershocks, some of them quite strong. Slight shocks 
occurred in other areas on August 22, September 3, 27, October 1, 24, November 
24, 30, December 7 and 11.

Hawaii: About 15 sharp shocks centered around the volcanoes of the Island of 
Hawaii.
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Philippine Islands: The earthquake of August 20 was reported to have been the 
worst since 1911. There was also the usual number of moderately strong shocks.

Puerto Rico: Five local tremors were reported.
Panama Canal Zone: Thirteen light tremors were reported, with some activity 

outside the Zone.
NORTHEASTERN REGION

74
42

40'

|75th meridian or eastern standard time.]

NOTE.- In recent years a number of high-grade seismographs designed especially for recording local 
earthquakes have been installed in the Northeastern region greatly enhancing our knowledge of prevailing 
seismic activity and the accurate location of seismic foci. The bulletins of all seismographic stations in 
the region should therefore be consulted for additional information.

February 21:  : . Elmira, N. Y. Slight. No damage.
March 10: 0:30. Canton, N. Y., IV. Felt by many. Low rumbling sounds,
July 18: 22:51.* Western Long Island, N. Y. Maximum intensity about IV. 

According to instrumental studies made by L. D. Leet of the Harvard Seis 
mographic Station the focus was close to 40°43' north, 73°42.5' wrest, a point 
very close to Floral Park, about 15 miles east of lower Manhattan. This point 
checks well with the center of the most strongly affected area which lay within a 
radius of about 8 miles of Floral Park. See map. A canvass made by'the Coast 
and Geodetic Survey revealed that there were places within this area where the 
intensity was less than IV and quite a 
number of widely scattered points far 
beyond the epicentral area where it 
was reported as equivalent to IV. At 
Redding, Conn., 43 miles from the epi 
center, a house was reported so furiously 
shaken that stones were loosened from 
the foundations and the lights went out 
temporarily. Such relatively high in 
tensities at isolated distant points are 
believed due largely to resonance phe 
nomena in local geological formations 
and in the structures themselves. In 
addition there is probably considerable 
variation of intensity because of the 
complex nature of the transmission of 
earthquake waves through the layered 
crust of the earth. There were no re 
ports of seismic phenomena on Man 
hattan Island but it is rather likely that 
some isolated and very minor effects were not recognized as such or not reported. 
See "Earthquakes in Northeastern America, July-December 1937," by L. Don 
Leet, Bulletin of the Seismological Society of America, volume 28, No. 3, July 1938.

Intensity IV in New York: Bayside, Douglaston, Far Rockaway, Flushing, 
Freeport, Long Beach, Mineola, Ocean Bay Park, Rockaway Beach, Rockville 
Center, Scarsdale, Woodmere. In Connecticut: Norwalk and Redding (see 
preceding note). In New Jersey: Sandy Hook.

Intensity III and under in New York: Amityville, Baldwin, Bay Shore, Brook 
lyn, East Rockaway, Glen Cove, Jamaica, Jones Beach, Lloyd Harbor Light 
Station, Kent Cliffs, Lynbrook, Malverne, Manhasset, near Mount Kisco, Oyster 
Bay, Port Jefferson, Queens, Richmond Hill, Rower Shoal Light Station, West- 
hampton Beach, Valley Stream. In Connecticut: Bridgeport, East Haven, 
Fairfield, Greenwich, Hartford, New Canaan, Stamford. In New Jersey: Maple- 
wood, Trenton.

Not felt in New York: Aquebogue, Central Islip, East Hampton, Greenport, 
Mamaroneck, Manhattan, Mattituck, Montauk, Northport, Patchogue, Port 
Chester, Riverhead, Rocky Point, Yaphank. In Connecticut: Ansonia, Guilford, 
New Haven, Saybrook, South Norwalk, West Haven.

July 27: 4:10.* Felt at Manchester, Rockville, and Vernon, Conn. Epicenter 
41°50' north, 72°26' west, according to Harvard. Residents awakened in the 
Manchester area. See L. D. Leet's article referred to in earthquake of July 18.

September 30: 22:08.* Verona, N. J. See Eastern Region.
October 11 and 12: 22: , 1: . Westchester County, N. Y. Felt.
October 12: Between 6 and 7. Felt at Kennebunkport, Maine. Not reported.
December 2: 17:01.* Burlington, Vt. Slight local shock recorded on seis 

mograph at the University of Vermont.

72°

FIGURE 3. Area affected by the Long Island earth 
quake of July 18, 1937.
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EASTERN REGION

[75th meridian or eastern standard time.]

February 2: 20:26. Central Virginia in Albemarle, Nelson, Botetort, and 
Buckingham Counties. Slight shock accompanied by rumbling sounds. Ill or IV.

June 8: 19:04. Reading, Pa. and vicinity. Slight.
July 18: Western Long Island earthquake. See Northeastern Region.
September 30: ,22:08.* Verona, N. J. Felt. Epicenter 40°50' north, 74°15' 

west according to Parvard Seismographic Station.
October 25: 14:01. Summerville, S. C. Light shock accompanied by booming 

sounds.
December 3:  : . Lower Delaware. Earth tremors reported in several 

sections. No damage.
CENTRAL REGION

[90th meridian or central standard time]

January 30: 2:57.* Near Caruthersville, Mo. Epicenter 36.2° north, 89.7" 
west according to the Geophysics Department of St. Louis University. Felt

88° 86° 84" 82°
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FIGURE 4. Approximate area affected by the western Ohio earthquakes of March 2 and 8,1937.

slightly at Caruthersville, Kennett, Marston, and Swift in Missouri; and at Dyers- 
burg, Elbridge, Hornbeck, Tiptonville and Troy in Tennessee. Maximum in 
tensity approximately III. Not felt at New Madrid and Pascola in Missouri; 
Newbern and Polk in Tennessee; and Blytheville, Ark. See "Two Recent Earth-

§uakes in the New Madrid Region" by Florence Robertson in the Bulletin of the 
eismological Society of America, volume 27, No. 3, July 1937. This shock oc 

curred at the height of the flood of the Ohio and St. Francis Rivers.
March 2: 8:48.* Near Anna, Ohio. VI to VII. Felt over approximately 

110,000 square miles in Ohio, Indiana and Michigan and at a few points in Wis 
consin, West Virginia, Kentucky, and Canada. The affected area shown by
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the map on page 8 is based only on partial data obtained by the Coast and Geo 
detic Survey. A more comprehensive report will be issued by the Geophysics 
Department of St. Louis University which canvassed the area for additional non- 
instrumental data. The results of instrumental studies made at the seismographic 
station of Xavier University, Cincinnati, Ohio, will probably be presented at the 
same time.

At Anna, Ohio, the school was damaged so badly that it was declared unsafe. 
Many chimneys were thrown down and other minor damage was inflicted at Anna, 
Sidney, and Wapakoneta.

Intensity V seems to have been reached at the following places in Ohio: Green 
ville, Jackson Center, Lima, Newport, North College Hills, Piqua, Sedamsville, 
Tippacanoe City, Van Wert, Versailles, Washington Courthouse, and Zanesfield. 
In Indiana: Fort Wayne, Indianapolis, Richmond, Rushville, and Union City.

In addition to reports from the above places, the Survey obtained information, 
sometimes inadequate, from 76 places in Ohio, 34 in Indiana, 17 in Michigan, 3 in 
Kentucky, 2 in West Virginia, 1 
in Wisconsin, 1 in Illinois, and 
1 in Canada. At all these points 
the intensity ranged from zero 
to about IV.

March 8: 23:45.* Near Anna, 
Ohio. VII. Perhaps slightly 
stronger and more widespread 
than the shock of March 2 but 
the difference was not great. At 
Anna additional damage was 
done to the school, and two 
small brick churches were more 
seriously damaged, while many 
dwellings suffered minor dam 
age. In view of the partial 
nature of this report the map on 
page 8 may be accepted as 
roughly representing the areas 
affected by both the March 2 
and March 8 earthquakes. It 
is expected that both of these 
earthquakes will be described in 
detail by the organization previ 
ously named.

34'
92° 88°

FIGURE 5. Area affected by the Northeastern Arkansas earth 
quake of May 16, 1937. Based on an investigation by the 
Geophysics Department of St. Louis University.

Data in the hands of the Coast 
and Geodetic Survey indicate 
that the shock was felt strongest 
in Ohio at Anna, Botkins, Bryan, 
Dayton, Jackson Center, Kettlersville, McCartyville, Piqua, Sidney, Van Wert, 
and Wilmington. The following additional places reported the shock felt. In 
Ohio: Akron, Bellefontaine, Bucyrus, Caledonia, Cheviot, Cincinnati, Cleveland, 
Columbus, Correyville, Delaware, Findlay, Fostoria, Galion, Hamilton, Hillsboro, 
Lima, Lockington, Marion, Marysville, Massilon, Miamisburg, Middletown, 
Mount Gilead, Mount Healthy, Newark, New Bremen, Northwestern Oil Field, 
Ostrandes, Paulding, Philo, Prospect, Ripley, Sandusky, Shelby, Springfield, St. 
Marys, Tiffin, Toledo, Troy, Upper Sandusky, Urbana, Warren, Washington 
Courthouse, Wauseon, and Zanesville. In Indiana: Angola, Berne, Crawfords- 
ville, Elkhart, Evansville, Fort Wayne, Gary, Indianapolis, Kendallville, Lafay 
ette, Marion, Portland, Richmond, South Bend, Terre Haute, Vincennes, and 
Warsaw. In Kentucky: College Hill, Covington, Frankfort, Lexington, Louis 
ville, and Shively. In Michigan: Adrian, Ann Arbor, Detroit, East Lansing, 
Escanaba, Fulton, Grand Rapids, Highland Park, Ionia, Kalamazoo, Lansingr 
Mason, Olivet, and Paw Paw. Also Madison and Milwaukee, Wis.; Huntington, 
W. Va.; St. Louis, Mo.; Pittsburgh, Pa.; and London, St. Thomas, and Toronto, 
Ontario", Canada.

May 16: 18:50.* Northeastern Arkansas, about 36.08° north, 90.38° west 
according to the Geophysics Department of St. Louis University. Felt over area 
of approximately 21,000 square miles. Maximum intensity about III plus. 
See "Two Recent Earthquakes in the New Madrid Region" by Florence Robert- 
son, in the Bulletin of the Seismological Society of America, volume 27, No. 3, 
July 1937. The map of the affected area, on this page, is based on the map appear 
ing in this article.
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90°

The points of maximum intensity were: Ripley, Tenn.; Batesville, Ark.; Poplar 
Bluff, Mo.; and Hickman, Ky. It was felt at the following additional places: 
In Arkansas: Blytheville, Bono, Brookland, Burdette, Corning, Cotton Plant, 
Dell, Lake City, Leachville, Lepanto, Mananna, Monette, and Nettleton. In 
Tennessee: Alamo, Ashport, Crocket Mills, Curve, Fulton, Gates, Greenfield, 
Halls, Henning, Jackson, Tipton, and Warren. In Missouri: Broseley, Campbell, 
Caruthersville, Harviel, Hendrickson, Neeleyville, and New Madrid. In Ken 
tucky: Fulton and Mayfield.

Not felt: In Arkansas: Augusta, Marion, Melbourne, Salem, Swifton, Tulot, 
Wynne. In Tennessee: Bolivar, Tiptonville, Trenton. In Missouri: Fagus, 
Fisk, Hayti, Kennett.

June 23: 9:44.* Tiptonville, Tenn. Felt.
August 5: 15:31.* South St. Louis, Mo. Felt. Recorded by St. Louis 

University seismographs.
August 5: 17:12.* Granite City, 111. Felt. Recorded instrumentally by 

St. Louis University seismographs.
October 5: 16:58.* New Madrid, Mo. Felt. Recorded instrumentally by

St. Louis University seismographs.
October 16: 22:25. Cincinnati, Ohio. 

Tremors felt in suburbs and recorded 
on Xavier University seismograph.

November 17: 11:04.* South-central 
Illinois. Maximum intensity V. Epi 
center 38°34' north, 89°05' west accord 
ing to the Geophysics Department of St. 
Louis University. Area affected, about 
8,000 square miles. See "The Illinois 
Basin Earthquake of November 17, 1937," 
by R. R. Heinrich and A. Frank, in 
Earthquake Notes, volume X, No. 3, 
December 1938. The map on page 10 is 
based on the map of isoseists in this 
article.

In Centralia rolls of linoleum in stores 
were toppled over and canned goods 
were thrown from shelves of some stores, 
particularly in the northern part of the 
city. The same intensities were indi-

FiGUKE6.-Areaaf!ected by the south central Illi- ^fd **. Sandoval, Odin, and Walnut 
nois earthquake of November 17,1937. Based on "-ill. At feandoval dishes were broken 
an investigation by the Geophysics Department and plaster fell. The authors received 
of St. Louis University. reports from about 160 places.

The paper previously quoted states
that "the epicenter is situated on the northwestern limb of the Illinois Basin 
syncline, the most prominent structural feature in the region (Moulton, Gaul, 
and Bell . . .)."

WESTERN MOUNTAIN REGION

[105th meridian or mountain standard time]

NOTE. Only the more important of the aftershocks of the Helena, Mont., earthquakes of October 1935 
are listed. Complete lists of the reports received are available in mimeographed form from the Director of 
the United States Coast and Geodetic Survey, Washington, D. C., and from W. E. Maughan, in charge 
of the local office of the United States Weather Bureau at Helena, who compiled the data.

Only the more important shocks felt at Boulder Dam are listed. The unabridged list is published in 
"Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain Region" available from 
the Washington office, or from the San Francisco Field Station, of the Coast and Geodetic Survey.

February 17: 21:15 
Felt. No damage. 

February 17: 23:30. 
February 18: 2:00. 
February 21: 1:30. 
February 25: 18:30.

37 37'

88°

Parowan City, Panguitch, and Cedar City, Utah.

Felt generally.Parowan City and Panguitch, Utah. 
Panguitch, Utah. Felt generally. 
Panguitch, Utah. Lighter than the preceding shocks.
Panguitch, Utah. Light shock. 

March 13: 4:40. Panguitch, Utah. Very slight. 
March 31: 16:45. El Paso, Tex. Slight. Felt by many. 
March 31: 21:41. Panguitch, Utah. Very slight."
April 24: 21:28.* Near Potts, Nev. See California and Western Nevada 

section.
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April 26: 11:27. Boulder Dam. Hardest of a series of four felt in various 
parts of the project.

April 27: 15:34. Yellowstone National Park. Slight shock felt only by 
those in vicinity of Old Faithful Hotel.

April 27: 21:15 and 21:56. Boulder Dam. Hard shock at Power Plant.
April 27: 23:16. Boulder Dam. Harder than preceding shock. Operated 

accelerograph in Intake Tower.
May 23: 1:16. Helena, Mont. Strong.
June 18: 10:18.* Boulder Dam. Felt generally at the dam; by a few at 

Boulder City.
July 20: 15:49. Seligman, Ariz. Noticed by everyone. Caused "pans to 

dance, and floors to weave." Little damage. A lighter shock felt at 20:00. 
Rumbling sounds accompanied both shocks. Not recorded instrumentally at 
Tucson.

July 21? 16:55? Phoenix, Ariz. Short heavy thud felt by all; disturbed 
small objects. Weaker shock at about 20:00. Possibly same as preceding 
shocks.

August 7: 0:30 about. Yellowstone National Park. Ranger at Mount 
Sheridan Lookout awakened. Wall-maps and lamps swayed.

September 1: 12:39. Boulder Dam and Boulder City. Slight.
September 6: 16:30. West Yellowstone, Mont. Slight. Also felt at 

Mammoth.
September 10: 6:00 (shortly after). Kalispell, Mont. Slight.
September 11: 11:29. Boulder Dam and Boulder City. Sharp at the Dam. 

Slight at Boulder City.
September 12: 11:22. Boulder Dam. Felt by all. Elevator and dead end 

weights swung. Slight in some parts of Boulder City where it was reported 
weaker than shock of preceding day.

September 15: 21:27. Yellowstone National Park, Lake Ranger station. 
Awakened many. Other shocks felt during the night. Felt by few at West 
Yellowstone, Mont, at 21:45.

September 21: 22:21. Boulder Dam. Small objects overturned at Power 
Plant; indicating-light cover thrown off supervisory board. Some awakened 
at Boulder City.

September 29: 23:15. Fort Stanton, N. Mex. Slight. Awakened many.
October 6: 23:43. Helena, Mont. Moderate.
October 9: 7:35. Boulder Dam. Felt by many throughout the Boulder 

Dam and power-house area. No damage.
October 15: 23:56. Helena, Mont. Moderate.
November 11: 17:39. Boulder Dam. Felt by all at the dam, and in Boulder 

City. Felt by a few in Las Vegas. At the power-house plaster was cracked at 
the 705-foot elevation; in the elevator tower on top of the dam a desk was moved 
and a paint bucket overturned, spilling paint. Rocks raveled on Kirigman high 
way in high cuts as far away as seven miles from Boulder Dam. Shock started 
accelerographs in the downstream Nevada Intake Tower and in the 1215 Gallery.

November 11: 18:17. Boulder Dam. Felt by practically everyone in 
Boulder City. Less intense than the preceding shock.

November 18: 16:50. Near Wells, Nev. At Wells hanging objects swung 
north-south; also swung at Carlin, Nevada. Weaker at Elko, Ely and Montello, 
Nev., and at Lucin, Grouse Creek, Salt Lake City, and Wendover, Utah. Not 
felt at 35 other places canvassed. A rather widespread shock.

November 19: 11:30. Helena, Mont. Moderate.
November 27: 19:11. Helena, Mont. Moderate.
December 3: 16:55. Boulder Dam. Felt all over power plant and in 

Boulder City accompanied by loud noise.
December 7: 22:08. Boulder Dam. Hanging objects at the dam swung. 

Felt bv some in Boulder Citv.
December 17: 16:30. Flagstaff, Ariz. Slight.
December 18: 4:00 about. West central Idaho. V in vicinity of Arling 

and Cascade. Felt over 1,200 square miles. At Arling and Cascade objects 
swung, small objects and furniture moved, trees and bushes were shaken and 
many persons were awakened. Clocks stopped at Arling. IV at Cambridge, 
Cascade, Council, Donnelly, Indian Valley, McCall, Mesa, Midvale, and Norwood. 
Ill and under at Nampa, Mesa, Smiths Ferry, and Starkey. Not felt at 38 
other places canvassed in Idaho and Oregon.
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CALIFORNIA AND WESTERN NEVADA

[120th meridian or Pacific standard time]

NOTE.- All places are in California unless otherwise stated. "B" written after the position of an epicenter 
means that the position was reported by the Seismological Station of the University of California at Berkeley, 
Perry Byerly in charge. "P" refers to the seismologies! laboratory of the California Institute of Technology 
and the Carnegie Institution of Washington at Pasadena, H. O. Wood in charge. See Introduction.

When more than one degree of intensity is reported from a town, the town is listed under each intensity 
reported.

January 8: 4:46. Lower California about 32°06' north, 116°30' west, P. 
Felt slightly in San.Diego.

January 8: 16:47.* Monterey Bay region about 9 miles northwest of Watson- 
ville, B. Felt over land area of about 400 square miles. Intensity V at Watson- 
ville where it was felt by all, frightened few, damage slight.

Intensity IV at Gilroy and Watsonville. Ill and under at Aptos, Morgan Hill 
(2 miles west of), Soquel. Not felt at Castroville, Hollister, Holy City, Morgan 
Hill, Salinas, San Juan Bantista, Santa Cruz.

January 15: 10:35.* San Pedro channel about 33°30' north, 118°15' west, 
P. Felt at San Pedro and Long Beach.

January 16: 19:29.* Near Chino about 34°06' north, 117°41' west, P, 
Felt at Ontario and Upland.

January 18: 2:34.* Near Chirio about 33°57' north, 117°39' west, P, 
Awakened few at Ontario.

January 19: 15:57.* Sierra Nevada near Weldon about 35°42' north,. 
118°22' west, P. Trees and bushes shaken at Kernville. No damage.

January 20: 3:11.* Epicenter about 6 miles south of Palo Alto (seismo 
graph) station, B. Felt at Mountain View.

January 20: 10:05. 34°59'north, 117°12'west. Felt.
January 20: 23:43.* About 33.6° north, 118.0° west, P. Felt near Huntington 

Beach.
January 23: 6:31.* About 12 miles west of Hollister, B. Awakened few at 

Hollister.
February 5: 10:02.* About 12 miles west of Hollister, B. Felt slightly at 

Hollister.
February 5: 15:17.* About 12 miles west of Hollister, B. Frightened few at 

Hollister.
February 5: 18:52.* Vicinity of Indian Wells about 33°35' north, 116°18' 

west, P. Felt at Berdoo Camp.
February 6: 20:42.* Epicenter about 50 miles northwest of Ferndale, B. 

Intensity about V in the vicinity of Humboldt Bay. 10,000 square miles of land 
area affected. See map. Recorded on strong-motion seismograph at Eureka 
and Ferndale.

INTENSITY V:
Alder Point. Trees and bushes shaken. Damage slight.
Arcata. Awakened and frightened many. Damage slight.
Cape Mendocino. Frightened all. Most severe shock in several years. No 

damage.
Capetown. Pendulum clocks stopped. No damage.
Eureka. Felt by all. Clocks stopped; trees and bushes shaken. No damage,
Eureka, central section.  Chandeliers swung east and west; clocks stopped. 

No damage.
Ferndale. Some clocks stopped; small objects overturned; frightened all. 

Most severe in several years. One report of cracked plaster.
Fields Landing. Water spilled from containers. Many frightened.
Orleans, northeast section.  Small objects moved; pictures displaced.
Scotia. Prolonged wavy motion; trees and bushes shaken slightly. Awakened 

many.
Shively. Lasted l 1/^ minutes. Hanging objects swung. Many frightened.
Trinidad.  Clocks stopped. A few frightened.
Upper Mattole. Trees and bushes shaken moderately. Many awakened.
Intensity IV: Alder Point, Alton, Benbow, Blocksburg, Brieeland, Bridgeville, 

Carlotta, Cummings, Etna, Fort Jones, Fortuna, Happy Camp, Klamath, Oriek, 
Orleans, Scotia, Smith River, Trinidad Lighthouse.

Intensity III and under: Crescent City, Crescent City Light Station, Etters- 
burg, Garberville, Harris, Helena, Hughes Park, Humboldt Bay, Petrolia, 
Sawyers Bar, Walker, Weaverville:

Not felt: Beegum, Carrville, Fort Bragg, French Gulch, Laytonville, Lewiston, 
Platina, Redding, nor at Brookings and Grants Pass, Ore.
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FIGURE 7. Areas affected by the more important earthquakes of California and western Nevada in 1937.
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February 12: 1:00.* Off Newport Beach about 33°34' north, 117°59' west, 
P. Awakened few five miles north of Huntington Beach.

February 12: 14:26.* North of Bishop about 37°30' north, 118°25' west, P. 
Felt by many at Bishop and Laws. Trees and bushes shaken moderately at 
Laws.

February 16: 19:33.* Epicenter 9 miles southeast of Paicines, B. About 
36°30' north, 121°35' west, P. Felt at Antelope, Hollister, and Panoche.

February 18: 4:07.* Lower California about 32°32' north, 116 0 11' west, P. 
Trees and bushes shaken moderately in San Diego.

February 18: 16:59.* Southwest Los Angeles about 33°56' north, 118°14' 
west, P. Felt in Beverly Hills.

February 19: 1:09.* West central Nevada about 38.3° north, 118.3° west, 
P. Felt over about 5,000 square miles.

INTENSITY V:
Hawthorne, Nev. Trees and bushes shaken slightly, few frightened. No 

damage.
Yerington, Nev. Clocks stopped, many awakened.
Intensity IV: Bridgeport, Calif., Hawthorne, Luning, Mina, and Tonopah, 

Nev. Ill and under at Bishop and Bodie, Calif., and Fallen and Wichman, Nev. 
Not felt in California at Bishop, Leevining, Markleeville, Mocalno, Mono Lake, 
Topaz. Not felt in Nevada at Austin, Carson City, Gilbert, Goldfield, Hazen, 
lone, Manhattan, Minden, New Montgomery, Potts, Rawhide, Reno, Round 
Mountain, Schurz, Tybo.

February 19: 15:06.* Nevada, about 38° north, 118° west,. P. Felt dis 
tinctly at Mina, Nev. and Luning, Nev.

February 20: 1:58.* Parkfield region. About 35°56' north, 120°28' west, P. 
Epicenter very near Stone Canyon, B. Awakened a few in Parkfield. Felt at 
Paso Robles and 20 miles east.

February 22: 10:10.* Monterey County about 36°10' north, 121°32' west, 
P. Felt slightly at King City.

February 26: 2:00. Dillon Beach. Several tremors reported felt.
February 26: 17:29.* Off coast of lower California about 31.7° north, 117.2° 

west, P. Felt at El Centre and Mission Hills in San Diego.
February 28: 10:17.* Nevada. About 38° north, 118° west, P. Felt at 

Luning and Mina.
February 28: 10:04. El Modeno, IV. Pasadena lists shock in this vicinity 

at 13:06.
February 28: 18:14.* Near Olive about 35°50' north, 117°50' west, P. Felt 

at Brea and El Modeno.
March 4: 8:04.* San Andreas fault zone north of Indian Wells about 32°47' 

north, 116°17' west, P. Felt in north central section of Riverside County.
March 5: 4:47.* Monterey Bay region. Epicenter about 36.7° north, 121.7° 

west, P. About 12 miles west of Hollister, B. Felt over land area of approxi 
mately 2,000 square miles. See map. Maximum intensity V at San Juan 
Bautista.

INTENSITY V:
Hollister. Awakened many, frightened few.
San Juan Bautista. Awakened everyone, frightened many. No damages.
Spreckels. Awakened and frightened many.
Watsonville. Awakened and frightened many.
Intensity IV: Aptos, Chualar, Gilroy, Hollister, Loma Mar, Milpitas, Monterey, 

Morgan Hill, Mountain View, Salinas, San Martin, Santa Cruz, Soquel, Sunnyvale.
Intensitv III and under: Castroville, Davenport, Holy City, Irvington, La 

Honda, Monterey, Morgan Hill, Moss Landing, Niles, Pacific Grove, San Jose.
Not felt: Altamont, Aloiso, Big Basin, Carmel, Centerville, Felton, Halfmoon 

Bay, King City. Livermore (Arroyo Sanitarium), Los Banos, Los Gatos, Mt. 
Hamilton, Newark, Xewman, Patterson, Pleasanton, Redwood City, San Benito, 
San Gregorio, San Jose. Saratoga, Tassajara Hot Springs, Tracy, Vermalis, Warm 
Springs.

March 8: 2:31.* San Francisco Bay region. Epicenter 1 mile north of 
University of California campus, B. About 37.8° north, 122.2° west, P. Prob 
ably on the Hayward Fault which passes through the campus in a northwest- 
southeast direction; B. Felt over approximately 5,000 square miles with maxi 
mum intensity about VII in north Berkeley, Albany, and adjoining points. See 
map. There was considerable damage to chimneys, masonry, plaster, retaining



UNITED STATES EARTHQUAKES, 1937 15

walls, and sewers. 130 cracked chimneys were reported in Albany alone, most 
of the damage occurring at roof levels.

In the epicentral region most observers reported the disturbance as several 
hard jolts of short duration. Shifting of heavy furniture one inch or more was 
general.

Strong motion seismographs operated at Berkeley and at two stations in San 
Francisco.

INTENSITY VIi:

Berkeley. In parts of Berkeley the damage was indicated as VII although over 
the greater part VI would be a more correct appraisal. Some walls were cracked, 
plaster and books fell, vases and small objects were overturned; some chimneys 
fell and many were twisted and cracked. One home reported $300 damage.

INTENSITY VI:
Albany. Pictures and knickknacks fell, plaster cracked, dishes broke.
Berkeley. Chimneys and plaster cracked, light objects and some furniture 

overturned, trees and bushes moderately shaken.
Elmhurst. 40,000-gallon wood vinegar tanks moved about 3 inches on dunnage 

beams at Standard Brands, Inc., in east-west direction.
Oakland. Chimneys and plaster cracked. Slight damage to concrete.

INTENSITY V:

Alvarado. Moved small objects and cracked plaster.
Atherton. Noise heard before motion began. Frightened all.
Berkeley. Small objects overturned; windows, doors, and dishes rattled vio 

lently; many frightened. Trees and bushes shaken moderately.
~Bl Cerrito. Substation G. Felt by all. Hanging objects swung.
Hayward. Cracked plaster. Awakened and frightened many. Slight damage.
Lafayette. Frightened all. Walls and frames creaked.
LaHonda. Small objects moved. Many awakened; few frightened.
Los Altos. Whole house rattled; observer awakened; one window cracked.
Menlo Park. Awakened all. Walls and frame creaked.
Morage. Awakened all; many frightened.
Mountain View (5 miles southwest of). Door swung; small objects moved; 

many awakened and some frightened.
Oakland. Practically all awakened and frightened. Trees and bushes shaken 

slightly. Cars in a garage rolled back and forth. No damage.
Pescadero. Awakened and frightened all. Spilled water in easterly direction.
Piedmont. Preceded by roaring noise; moved small objects and furniture. 

Many awakened and frightened.
Richmond. Awakened all and frightened many.
Rodeo. Hanging objects swung. Shook beds against walls.
San Francisco. Some plaster was oracked; knickknacks fell; small objects 

were displaced; suspended objects swung and some clocks stopped. Practically 
all were awakened and many frightened.

San Jose. Hanging objects swung. All were awakened and a few frightened.
Valley Ford. Small objects moved; few awakened.
Walnut Creek. Moved small objects and furnishings. Hanging objects swung; 

trees and bushes shaken moderately. Awakened many.
Intensity IV: Alcatraz Island, Alviso, Aptos, Ben Lomond, Berkeley, Bloom- 

field, Bodega, Bolinas. Boulder Creek, Burlingame, Centerville, Colma, Corte 
Madera, Cotati, Cowell, Daly City, East Brother Island Light Station, El Granada, 
Fairfax, Hayward, Inverness, Livermore, Arroyo Sanatorium, Los Altos, Los 
Gatos, Los Altos (Jesuit Retreat), Manor, Martinez, Menlo Park, St. Patrick's 
Seminary, Milpitas, Montara, Morgan Hill, Mount Eden, Newark, Novato, 
Oakland, Palo Alto, Petaluma, Pleasanton, San Anselmo, San Francisco, San 
Jose, San Leandro, San Lorenzo, San Martin, San Rafael, San Ramon, Santa 
Rosa, Saratoga, South San Francisco, Sunnyvale, Tiburon, yallejp, Woodacre.

Intensity III and under: Byron, Claytpn, Concord, Cordelia, Diablo, Gilroy, 
Graton, Guerneville, Irvington, Isleton, Livermore, Los Gatos, Mission San Jose, 
Novato, Occidental, Penngrove, Pittsburg, San Jose, Sausalito, Sebastopol, 
Sonoma, Soquel, Stinson Beach, Tomales, Vacaville.

Not felt: Annapolis, Antioch, Auburn, Bethany, Big Sur, Brentwood, Calistoga, 
Camp Meeker, Carmel, Cazadero, Chualar, Cloverdale, Danville, Davenport, 
Davis, Del Monte, Dixon, Elkgrove, Elmira, Fairfield, Fresno, Gerber, Geyser- 
ville, Grandview, Healdsburg, Hilton, Hollister, King City, Los Banos, Los Gatos, 
Madrone, Manteca, Menlo Park, Merced, Middletown, Mile Rook Light Station,
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Modesto, Monterey, Monticello, Moss Landing, Mount Hamilton, Newman, 
Oakdale, Oakley, Point Reyes Light Station, Rio Nido, Roseville, Rutherford, 
Sacramento, St. Helena, Salinas, San Jose, San Juan Bautista, Santa Rosa, 
Sonoma, Stewarts Point, Stockton, Topaz, Turlock, Vernado, Walnut Grove, 
Warm Springs, Watsonville, Windsor, Yolo, Yountville, Tracy.

March 9: 5? Hawthorne, Nev. Very slight.
March 10: 22:25. Tomales, Marin County. Light tremors reported.
March 17: 5:19. Hobart Mills. Light shock. Probably same as shock 

reported felt in the Floriston and Boca areas, at Hobart Mills and at Reno, Nev., 
on the 16th.

March 18: 17:23.* Near Mira Loma about 34°01' north, 117°30' west, P. 
Felt generally in San Bernardinq Valley, P. Probably same as shocks reported 
from San Bernardino and Riverside. San Bernardino reports two shocks on the 
18th.

March 22: 4:09.* San Francisco. Slight. A few awakened. Epicenter 
just outside Golden Gate, B.

March 25: 8:49.* Riverside County near Terwilliger Valley. Epicenter 
within a few kilometers of 33°28' north, 116°35' west, on the active San Jacinto 
fault zone according to the Pasadena Seismological Laboratory. As the epicenter 
is in a nearly uninhabited mountain area no reports were received from the 
central area where the intensity must have reached about VII. The disturbed 
area as shown on the map covered about 30,000 square miles. There was slight 
to moderate damage to chimneys, plaster, and walls over a wide area. The shock 
was recorded at many strong-motion seismograph stations in southern California. 
The sensitive instruments at Pasadena recorded numerous aftershocks within 
the few days following, but none were large and the activity decreased rapidly.

Further details will be found in an article entitled "The Terwilliger Valley 
Earthquake of March 25, 1937," by H. O. Wood, in the Bulletin of the Seismo 
logical Society of America, Volume 27, No. 4, October 1937.

INTENSITY VI:
Aguanga and vicinity. Clocks stopped; groceries fell from shelves; small objects 

and furnishings moved.
Anza. Small objects overturned; water spilled from indoor containers; chim 

neys cracked. Trees and bushes moderately shaken. Many frightened.
Borego. Clock stopped; canned goods fell. Trees and bushes moderately 

shaken. Many frightened.
Coachella. Small objects overturned, including canned goods; pictures and 

plaster fell. Many frightened. Damage slight.
Garnet. Plaster cracked; trees and bushes shaken; many frightened.
Hemet. Clocks stopped; walls and plaster cracked. Slight damage to brick.
Hodges Dam. Piano moved; knickknacks and books fell; trees and bushes 

shaken.
Keen Camp. Beginning of shock accompanied by a rumble like thunder. 

Water spilled from indoor containers. Chimneys cracked. Trees and bushes 
shaken slightly. Awakened all.

Mecca. Dishes and vases overturned; pictures fell. Water spilled from indoor 
containers. Dishes fell from shelves in a trailer. Cans and bottles fell from 
shelves in adobe grocery. Trees and bushes shaken moderately.

Palm Springs. Cracked plaster and windows. Many frightened.
Ramona. Cracked plaster. Frightened few.
Sage. Awakened all. Trees and bushes shaken moderately. Slight damage. 

Reported most severe since 1918.
Warner Springs. Bottles and canned goods knocked from shelves; plaster 

cracked; trees and bushes shaken slightly.
INTENSITY V:
Alpine. All frightened.
Arlington. Spilled liquids indoors; hanging objects swung; trees and bushes 

shaken moderately.
Banning. Moved small objects; shook trees and bushes slightly.
Barrett Dam. Awakened all and frightened many. Trees and bushes and 

hanging objects disturbed.
Burbank. Hanging object swung and a few small objects moved. Trees and 

bushes shaken slightly.
Carlsbad. Hanging objects swung; a few small objects and furnishings moved.
Cathedral City. Small objects overturned; trees and bushes strongly shaken.
Crestline. Heater moved. No one awakened.
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Del Mar. All frightened. Hanging objects swung.
Desert Center, near. Concrete base of condenser at substation reported badly 

cracked. No one awakened.
Desert Center. Hanging objects swung.
Dos Palmas. Overturned vases and dishes; spilled water. Knickknacks and 

pictures fell. Trees and bushes shaken moderately.
Edom. Vases, small objects, and furniture overturned; plaster cracked. All 

frightened.
Escondido. Frightened all. Slight damage.
Holtville. Knickknacks, books, and pictures fell. Many awakened and 

frightened.
Huntington Park. Moved small objects and furnishings. Knickknacks, 

books, and pictures fell. Many awakened and frightened.
Idyllwild. Rumbling 3 seconds before shock. Overturned vases and small 

objects; broke dishes. Damage slight.
Imperial. Water spilled; hanging objects swung.
India. Clocks stopped; hanging objects swung. Felt by many.
Jamul. Hanging objects swung. Few frightened.
Julian. Clocks stopped; trees and bushes shaken.
Lakeside. Hanging objects swung; trees and bushes slightly shaken.
Los Angeles, central section. Clocks stopped; small objects moved. Frightened 

few. No damage.
Lucerne Valley. Small objects overturned and knickknacks fell. Trees and 

bushes shaken. Many awakened.
Mentone. Hanging objects swung; small objects and furnishings moved; 

spilled water to west. Frightened few.
Moreno. Clocks stopped. Cracked plaster; trees and bushes shaken slightly. 

All awakened.
Mount Laguna. Awakened all. Frightened few. Walls creaked.
Newberry. Hanging objects swung; small objects and furnishings moved.
Ontario. Hanging objects swung; plaster cracked; trees and bushes shaken 

slightly.
Palmdale. Walls cracked.
Palm Springs. Trees and bushes shaken. Many frightened.
Pern's. Hanging objects swung. Felt by all; frightened few.
Pine Knot. Clocks stopped; trees and bushes shaken slightly. Felt by 

all; awakened and frightened few.
Pine Valley. Hanging objects swung; small objects and furnishings moved. 

Trees and bushes shaken moderately. All frightened.
Riverside. Hanging objects had rotary motion. Trees and bushes shaken 

slightly. Few awakened and frightened.
Romoland. Clocks stopped; small objects and furnishings moved. Trees 

and bushes shaken strongly.
San Diego. Some clocks stopped; small objects moved.
San Jacinto. Clocks stopped; small objects moved; liquids spilled east to 

west. Some plaster cracks. Trees and bushes shaken moderately. Many 
frightened.

San Marcos. Hanging objects swung. A church bell rang once. Felt by 
many.

San Pedro, central section. Loose objects rattled; clocks stopped. Control 
cable of elevators struck walls of shafts.

Santee. Hanging objects swung. Trees and bushes shaken strongly.
Santa Ysabel. Small objects overturned, hanging objects swung. Many 

frightened.
Spring Valley. Hanging objects swung; small objects moved. Liquids 

spilled; trees and bushes shaken slightly. Felt by all.
Stanton. Hanging objects swung; trees and bushes shaken slightly. Many 

frightened.
Temecula. Trees and bushes shaken strongly; water spilled east to west. 

Frightened many; no one awakened.
Thermal. Power poles and wires shaken. Many frightened.
Twenty-Nine Palms. Hanging objects swung; moved small objects and 

furnishings. Felt by many.
Upland. Rotary motion felt outdoors; hanging objects swung with rotary 

motion; clocks stopped.
Valley Center. Felt by many; motion outdoors east to west. Frightened few.
Victorville. Felt by all in all buildings. Hanging objects swung; trees and 

bushes shaken moderately. Many frightened.
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White Water. Hanging objects swung. Northward motion felt outdoors. 
Frightened many, awakened no one.

Winchester. Felt by all; frightened few.
Yucaipa. Hanging objects swung; trees and bushes shaken slightly; store 

occupants left building.
Intensity IV: Acton, Adelanto, Alberhill, Alahambra, Amboy, Balboa, Baldwin 

Park, Banning, Beaumont, Bellflower, Berdoo Camp, Big Bear City, Bloomington, 
Bonsall, Brawley, Brea, Bryn Mawr, Cabazon, Cajon, Calabasas, Calexico, 
Calipatria, Camp Angelus, Campo, Cardiff By The Sea, Cedarpines Park, Chula 
Vista, Claremont, Colton, Corona, Coronado, Calimesa, Crucero, Del Rosa, 
Descanso, El Centro, El Cajon, El Toro, Encanto, Encinitas, Etiwanda, Fall 
Brook, Fawnskin, Fontana, Fullerton, Glendora, Glenn Ranch, Guasti, Helen- 
dale, Hesperia, Highgrove, Hipass, Hodge, Huntington Beach, Huntington Park, 
Imperial Beach, Jacumba, La Crescenta, Laguna Beach, Lake Arrowhead, La 
Mesa, La Verne, Leucadia, Loma Linda, Long Beach, Los Angeles Weather 
Bureau Office, Los Nietos, Maywood, Mesa Grande, Mira Loma, Miramar, 
Murrieta, National City, Needles, Niland, Norco, North Hollywood, North San 
Diego, Oceanside, Ontario, Orange, Pacific Beach, Palomar Mountain, Pasadena, 
Plaster City, Pomona, Potrero, Rancho Santa Fe, Redlands, Reseda, Rialto, 
Running Springs, San Bernardino, San Clemente, San Diego, San Juan Capi- 
strano, San Luis Rey, San Pedro, Santa Ana, Santa Susana, San Ysidro, Seal 
Beach, Seeley, Seven Oaks, Silverado, Solana Beach, Summit, Sunnyside, Tustin, 
Twinpeaks, Vista, Westmoreland, Wildomar, Willowbrook, Witch Creek, Yorba 
Linda.

Intensity III and under: Adelanto, Alta Loma, Arrowhead Springs, Baker, 
Barstow, Beverly Hills, Blythe, Burbank, Castaic, De Luz, Doheny Park, El 
Monte, Fillmore, Forest Home Resort, Fresno, Heber, Hueneme, Inglewood, 
Laguna Beach, La Jolla, Little Rock, Lomita, Lancaster, Los Angeles, Ludlow, 
Moneta, Monrovia, Moorpark, Palo Verde, Phelan, Redondo Beach. San Dimas, 
San Fernando, San Pedro, Santa Paula, Tujunga, Valyermo, Wrightwood, Yermo, 
Parker (Ariz.).

Not felt in California: Andrade, Camarillo, Camp Baldy, Carpenteria, Chats- 
worth, Earp, El Segundo, Fairmount, Fenner, Kelso, Llano, Mojave, Montebello, 
Muroc, Ogilby, Ojai, Oxnard, Palm City, Rice, Rosamond, Sandberg, Santa 
Barbara, Santa Monica, Santa Ynez, Saugus, Shoshone, Summerland, Van Nuys, 
Ventura, Vidal, Wheeler Springs.

Not felt in Arizona: Bouse, Quartzsite, Tonopah, Vicksburg.
March 26: 8:50. Fullerton, V. Hanging objects swung; small objects moved. 

Telephone wires swung.
March 26: 21:30. Aguana, Idyllwild, and Romoland. Between IV and V. 

Strongest at Romoland. Felt at Warner Springs.
March 26: 23:45. Mecca and San Diego. Between IV and V.
March 26: 24:00. Idyllwild and Romoland. IV.
March 27: 2:00. Idyllwild. IV. Warner Springs, slight.
March 27: 16:57.* Off Huntington Beach, about 33°37' north, 118°02' west, 

P. Felt at Santa Ana and Balboa.
March 28: 17:51. Balboa. Slight. Pasadena reports an epicenter in the 

San Bernardino Mountains at 17:48.
March 28: 17:55. Balboa. Slight. Pasadena reports an epicenter in the 

San Bernardino Mountains at 17:57.
April 20: 7:24.* Western Riverside and southwestern San Bernardino Coun 

ties. Epicenter about 33°55' north, 117°33' west, P.
V at Chino and Norco. At Chino hanging objects swung, trees and bushes 

shook slightly and many awakened. Damage was slight. At Norco many were 
frightened.

Intensity IV: Alberhill, Arlington, Bloomington, Colton, Loma Linda, High 
land, Mira Loma, Riverside. Ill and under at Arrowhead Springs, Corona, 
Etiwanda, Glenn Ranch, Guasti, Murrieta, Ontario, Rialto, San Bernardino, 
Wildomar.

Felt also at Redlands, Hemet, and San Jacinto according to Pasadena. Not 
felt at Alta Loma, Bryn Mawr, Cajon, Claremont, Del Rosa, Elsinore, Fontana, 
Perris, Pomona, Silverado, Sunnymead, Temecula, Upland.

April 24: 20:28.* West central Nevada as shown on map. Epicenter about 
39° north, 117° west, P. Maximum intensity V at Potts, Nev., where many 
were awakened and a few frightened. West to east motion observed outdoors.

Intensity IV in Nevada: Carson City, lone, Luning, Mina, Round Mountain, 
Steamboat. Ill and under at Carson City, Fallon, Hawthorne, Lovelock, Schurz, 
Wichman, Yerington.
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Not felt in Nevada at Austin, Eureka, Glenbrook, Hudson, Manhattan, Mill 
City, Mina (Silver Dyke), Minden, Oreana, Silver City, Smith, Stillwater, Tono- 
pah, Tybo, Wabuska, Wadsworth, Wellington, Yerington. Not felt in California 
at Bishop, Bodie, Bridgeport, Coleville, Mono Lake, Topaz.

April 28: 14:32. Light shocks felt at San Jose and 5 miles southwest of 
Mountain View.

May 11: 04:00.* Near Riverside, about 33°55' north, 117°33' west, P. 
About IV at Bloomington. Weaker at Riverside and Arlington.

May 25: 18:11.* Epicenter about 5 miles southwest of Gilroy, B. V at 
Gilroy.

May 31: 12:00. Luning, Nev. Short abrupt shock.
June 5: 11:52.* Caribou. IV. Recorded at Berkeley. Weaker shock felt 

at 13:05.
June 10: 22:10.* Off Huntington Beach, about 33°37' north, 118°02' west, 

P. About IV at Huntington Beach. Felt at Anaheim, Orange, and Santa Ana.
June 12: 8:57.* Caribou. Slight. Recorded at Berkeley. Felt at Caribou 

and Bucks Creek Powerhouses.
June 18: 1:08.* Near southern tip of Lower Lake, Modoc County, B. Felt 

over 15,000 square miles as shown on map.

INTENSITY V IN CALIFORNIA:

Eagleville. Many frightened. East-west motion felt outdoors. 
Ravendale. Many awakened. Two other ligher shocks felt the same night. 
Red Rock (Larsen Co.).  Motion eastward. Bed shaken violently. Few 

awakened.

INTENSITY V JN NEVADA:

Flanigan. Awakened all. Motion northeast to southwest.
Gerlach. North-south motion. Hanging objects swung; small objects over 

turned. Trees and bushes shaken moderately. Many awakened.
Lovelock.  -North-south motion. Hanging objects swung; moved small objects 

and furnishings. Trees and bushes shaken slightly.
Mill City. Moved small objects and furnishings.
Sulphur.  Clocks stopped. Many awakened.
Vya. Pictures fell. Many awakened.
Intensity IV in California: Davis Creek, Likely, Madeline, Pulga, Susanville, 

Wendel. IV in Nevada at Jungo, Sutcliffe.
Intensity III and under in California: Adin, Burney, Cedarville, Doyle, Fort 

Bidwell, Quincy. In Nevada: Hazen, Nixon, Paradise Valley.
Not felt in California: Chester, Downieville, Etna, Lake City, Me Arthur, 

Meadow Valley, Mt. Hebron, Portola, Spring Garden, Tennant, Willowranch. 
In Nevada: Elko, Fallon, Golconda, Oreana, Orovada, Owyhee, Reno, Stillwater, 
Winnemucca, Yerington, McDermitt. In Oregon: Beatty, Bonanza, Fields, 
Lakeview, Malin, New Pine Creek, Olene, Quartz Mountain, Valley Falls.

July 5: 19:48.* Vicinity of Santa Monica Bay, 33°57' north, 118°38' west, 
P. Felt at Santa Monica.

July 7: 3:12.* Off Newport, 33°34' north, 117°59' west, P. See map. 
V at Santa Ana where pictures danced on the walls.

Intensity IV: Arlington, Artesia, Balboa, Huntington Beach, Newport Beach, 
Santa Ana, Seal Beach. Ill and under at Anaheim, Banning, El Toro, Long 
Beach, Silverado, Yorba Linda.

Not felt: Alberhill, Alta Loma, Arrowhead Springs, Baldwin Park, Beaumont, 
Bellflower, Big Bear City, Bloomington, Claremont, Colton, Corona, Crestline, 
Etiwanda, Fawnskin, Glendora, Guasti, Laguna Beach, La Habra, Los Alamitos, 
Los Nietos, Mentone, Monrovia, Norco, Norwalk, Oceanside, Ontario, Patton, 
Pedley, Perris, Pomona, Puente, Riverside, Sage, San Bernardino, San Clemente, 
San Dimas, San Pedro, Seven Oaks, Summit, Sunnymead, Temecula, Willow- 
brook, Wildomar, Winchester, Yucaipa.

July 18: 3:59.* San Francisco Bay region. Epicenter 37°45.2' north, 
122°22.8' west, B. Maximum intensity IV.

Intensity IV: Larkspur, Los Altos, Mile Rocks Light Station, Mill Valley, 
Redwood City, San Francisco, San Jose.

Intensity. Ill and under: Bolinas, Colma, Daly City, Fort Baker, Fort Barry, 
Irvington, Lagunitas, Montara, Petaluma, San Francisco, San Geronimo, Stinson 
Beach, Tiburon, Walnut Creek.

Not felt: Alameda, Alviso, Berkeley, Burlingame, Concord, Crockett, El 
Cerrito, El Granada, Elmhurst, El Verano, Grandview, Halfmoon Bay, Ignacio, 
Inverness, Lafayette, La Honda, Los Gatos, Martinez, Miliptas, Monterey,
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Mount Eden, Mountain View, Napa, Newark, Niles, Novato, Palo Alto, Pesca- 
dero, Philo, Pinole, Point Reyes Station, Point Reyes, Oakland, Olema, San 
Anselmo, San Francisco, San Pablo, San Quentin, Sausalito, Selby, Sharp Park, 
South San Francisco, Sunol, Vineburg, Warm Springs.

July 26: 0:30. El Centro. Slight shock reported felt throughout Imperial 
Valley.

July 29: 8:59.* Sierra Nevada west of Owens Lake, 36°25' north, 118° 10' 
west, P. Felt at Owenyo, Clough's Cave Ranger Station, and in Kern River 
Canyon.

August 1: 22:24.* Los Angeles region. About 33°57' north, 118°12' west, P. 
Felt in southwest Los Angeles, Burbank and Hollywood.

August 4: 23:59.* Los Angeles region. About 33°59' north, 118°10' west, P. 
Felt in southwest Los Angeles.

August 5: 19:24.* Lake Tahoe region, about 38.8° north, 120.1° west, P. 
Not far from Lake Alpine, B. See map. Maximum intensity V at Camp 
Connell, Bear River, and Salt Springs. At Camp Connell small objects and 
furnishings moved, liquids spilled, trees and bushes shook slightly and some 
were frightened. At Bear River dishes were knocked from shelves. Rock slide 
at Salt Spring probably caused by shock.

August 5: 19:38.* About 4 miles southeast of University of California 
campus, B. Ill in Rockridge district, Oakland.

Intensity IV in California: Blue Lakes, Coleville, Dardanella, Gorden Valley, 
Mather, Mokelumne Hill, Salt Springs, Bear River, Topaz, Vade. In Nevada: 
Minden.

Intensity III and under in California: Angels Camp, Blue Canyon, Camino, 
Columbia, Dardanelle, Electra, Lake Alpine, Long Barn, Pine Crest, Meeks Bay, 
Stanislaus, Sonora, Tuolumne. In Nevada: Gardnerville, Glenbrook.

Not felt in California: Auburn, Aukum, A very, Bridgeport, Brockway, Bureon, 
Chinese Camp, Copperopolis, Coulterville, El Dorado, El Portal, Emerald Bay, 
Grizzly Flats, Incline, lone, Jackson, Jamestown, Kelsey, La Grange, Lotus, 
Milton, Moccasin, Mountain Ranch, Murphys, Natoma, Pilot Hill, Plymouth, 
San Andreas, Shingle, Tahoe City, Tuolumne Meadows-, Valley Springs, Volcano, 
Wawona, Westpoint, Yosemite National Park, Youngs. Not felt in Nevada: 
Carson City, Smith, Wabuska, Wichman, Yerington.

August 8: 23:15. Spring Garden and Taylorsville. Slight.
August 9: 8:16.* About 6 miles southwest of Gilroy, B. IV at Moss Landing.
August 11: 23:31.* Cape Mendicino region. Felt at Cape Mendicino, 

Ferndale, Fernbridge, Korbel. Strongest at Cape Mendicino, about IV.
August 16: 21:03.* Near Long Beach, 33°47' north, 118°08' west, P. V at 

Long Beach, Lynwood, Wilmington. At Long Beach many awakened, and there 
was possibly slight damage. At Lynwood a davenport was moved. At Wil 
mington there was slight damage.

Intensity IV: Artesia, Bellfiower, Compton, Downey, Gardena, Hondo, Hunt- 
ington Park, Hynes, Long Beach, Los Almitos, Maywood, Norwalk, San Pedro, 
Seal Beach, Whittier. Ill and under: Huntington Park, Lomita, Moneta.

Not felt: Alhambra, Baldwin Park, Beverly Hills, El Monte, Glendale, Haw 
thorne, Huntington Beach, Inglewood, La Habra, Los Angeles, Mpntebello, 
Monterey Park, Puente, Redondo Beach, South Gate, Stanton, Westminster.

August 16: 23:19.* Near Long Beach, about 33°47' north, 118°08' west, P. 
Felt at Long Beach.

August 16: 23:50.* Near Long Beach, 33°47' north, 118°08' west, P. V at 
Long Beach ard Hondo. At Hondo many awakened and there was slight damage. 
At Long Peach it was felt by all and many were frightened.

Intensity IV: Artesia, Compton, Huntington Park, Hynes, Los Alamitos, 
Norwalk, Seal Beach. Ill and under: Huntington Beach, Lomita, Maywood, 
Moneta.

Not felt: Alhambra, Baldwin Park, Beverly Hills, Glendale, Hawthorne, 
Huntington Park, La Habra, Los Angeles, Montebello, Monterey Park, Palos 
Verdes Estates, Pico, Redondo Beach, South Gate, Stanton, Westminster.

August 18: 0:03.* Near Newhall, 34°18' north, 118°33' west, P. Awakened 
many at Olive View.

August 18: 22:06.* Near Long Beach, 33°45' north, 118°10' west, P. Felt 
at Hynes.

August 18: 23:03.* California-Nevada border, near Gilbert, Nev. About 
38° north, 118° west, P. V at Gilbert, Nev., where small objects moved.

Intensity IV in California: Benton, Bishop, Laws. In Nevada: Goldfield, Mt. 
Montgomery, Silver Peak.

Intensity III and under in California: Bodie, Big Pine. In Nevada: Dyer.
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Not felt in California: Deep Springs, Bridgeport, June Lake, Leevining, Mono 
Lake. In Nevada: Goldpoint, Hawthorne, lone, Luning, Mina, Round Mountain, 
Tonopah, Tybo, Wichman.

August 20: 6:51.* Chualar. Epicenter about 7 miles east of Chualar, B. 
Felt by many in Chualar.

August 21: 4:28.* Probably off Newport Beach, about 33.6° north, 118.0° 
west, P. Felt slightly at Huntington Beach.

August 22: 16:32!* Nevada. About 38.0° north, 118.6° west, P. Felt in 
Yosemite National Park, at El Portal and probably Tuolumne Meadows. Epi 
center about 10 miles west of Mariposa, B.

August 25: 10:35. Long Beach. Slight.
August 28: 21:19.* About 9 miles north of Lick Observatory, B. Felt at 

San Jose, Black Mountain, and Ben Lomond.
August 31: 15:52.* About 12 km. south of Riverside, 33°50' north, 117°25' 

west, P. Felt slightly at Patton, San Bernardino and possibly San Diego.
September 1: 5:48.* Near Alta Loma, 34°07' north, 117°35' west, P. Felt 

in San Bernardino Valley, See map. Intensity V at Arlington, Loma Linda and 
Walnut. At Arlington hanging objects swung, trees and bushes shook moderately 
and many were awakened and frightened. Practically the same effects reported 
from Loma Linda. At Walnut a piece of plaster fell and a definite rotary motion 
was reported.

Intensity IV: Acton, Alberhill, Alta Loma, Bloomington, Brea, Cajon, Clare- 
mont, Covina, Crestline, Elsinore, Etiwanda, Fontana, Glendale, Glendora, 
Guasti, Hemet, Hesperia, Huntington Beach, Llano, Los Nietos, Moreno, Muroc, 
Norco, Ontario, Pasadena, Patton, Pedley, Perris, Pomona, Riverside, San 
Bernardino, San Antonio Canyon, Sunnymead, Upland, Victorville.

Intensity III and under: Arrowhead Springs, Baldwin Park, Burbank, Colton, 
Daggett, Hodge, Idyllwild, Mentone, Murrieta, Phelan, Redlands, San Diego 
(Mission Hills), San Fernando.

Not felt: Adelanto, Aguanga, Anza, Banning, Barstow, Beaumont, Beverly 
Hills, Cabazon, Cantil, Compton, Corona, Culver City, Del Luz, El Toro, 
Fawnskin, Forest Home, Helendale, Huntington Park, Ingle^ood. Keen Camp, 
La Habra, Laguna Beach, Lucerne Valley, Mojave, Monet'a, Mount Wilson, 
Palm Springs, Randsburg, Romoland, Rosamond, Sage, Santa Alia, San Juan 
Capistrano, Seven Oaks, Temecula, Torrance, Universal City, Yucaipa.

September 1: 5:50.* Near Alta Loma, 34°07' north, 117°35' west, P. Felt 
at Alta Loma, Etiwanda, and Perris.

September 1: 8:35.* Near Alta Loma, 34°07' north, 117°35' west, P. Felt 
in San Bernardino Valley. About same intensity as shock at 5:48. Intensity V 
at Arlington where hanging objects swung and many were awakened and 
frightened.

Intensity IV: Alta Loma, Bloomington, Cajon, Colton, Covina, Crestline, 
Etiwanda, Fontana, Guasti, Hesperia, Lucerne Valley, Ontario, Los Angeles, 
Patton, Perris, San Bernardino, San Antonio Canyon (Sierra hydroelectric plant), 
Stanton, Sunnymead.

Intensity III and under: Arrowhead Springs, Baldwin Park, Daggett, Lake 
Arrowhead, Maywood, Murrieta, Redlands, Riverside, Pomona, Mission Hills 
(San Diego), Romoland, Upland, Walnut, Wildomar.

Not felt: Acton, Adelanto, Aguanga, Anza, Banning, Barstow, Beaumont, 
Beverly Hills, Cabazon, Cantil, Compton, Corona, Culver City, Del Luz, Elsinore, 
El Toro, Fawnskin, Forest Home, Glendale, Glendora, Huntington Park, Idyll- 
wild, Inglewood, Keen Camp, La Habra, Laguna Beach, Mentone, Mojave, 
Moneta Mount Wilson, Norco, Palm Springs, Randsburg, Rosamond, Sage, 
Santa Ana, Santa Monica, Temecula, Universal City, Yucaipa.

September 1: 13:29.* Lower California, about 32.5° north, 115°.6° west, P. 
Felt at Calexico.

September 1: 17:40.* Same as at 13:29.
September 2: 4:21.* Same as September 1 at 13:29.
Septembpr 6: 11:38.* Los Angeles area. About 34°04' north, 118°16' west, 

P. Felt at Los Angeles and vicinity, Alhambra, and Pasadena.
September 6: 23:36.* Off Huntington Beach, 33°37' north, 118°02' west, P.
September 11: 13:59.* About 9 miles southeast of Paicines, B. Frightened 

many at San Juan Bautista.
September 15: 18:48.* Near Parkfield, 35°56' north, 120°29' west, P. 

Slight at Bradley.
September 17: 6:00. Reno, Nev. Slight.
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September 18: 5:29.* Near Salinas. About 9 miles southeast of Paicines, 
B. About 36.5° north, 121.5° west, P. Felt by many at Chualar. Some 
awakened at Spreckels and Salinas.

October 2: 19:30. Agua Caliente fault near Aguanda, 33°14' north, 116°30' 
west, P. Felt slightly at Borego.

October 20: 16:01. Alabama Gates, 5 miles north of Lone Pine, hanging 
objects swung. Slight at Owenyo.

October 21: 21: . Slight at Imperial and other valley towns.
October 27: 7:41.* Hollister and Salinas. Slight. Possibly same as follow 

ing shock.
October 27: 7:53.* Monterey Bay region. About 6 miles north of Gon- 

zales, B. 37° north 122° west, P.
Intensity IV: Aptos, Big Sur, Boulder Creek, Chualar, Gonzales, Hollister, 

King City, Salinas, San Lucas, Spreckels, San Juan Bautista, Watsonville. 
Strongest at San Juan Bautista, Spreckels, Salinas, and Hollister.

Intensity III and under: Ben Lomond, Gilroy, King City, Mayfield, Pinnacles, 
Salinas, San Martin, Santa Cruz, Seaside, Tres Pinos.

Not felt: Almaden, Aromas, Bradley, Castroville, Coalinga, Coyote, Cuper- 
tino, Davenport, Del Monte, Felton, Glenwood, Greenfield, La Honda, Lonoak, 
Los Altos, Los Banos, Los Gatos, Madrone, Marina, Mendota, Monterey, Morgan 
Hill, Moss Landing, Mountain View, Newman, Pacific Grove, Palo Alto, Park- 
field, Redwood Citv, San Ardo, San Benito, San Jose, San Martin, Santa Cruz, 
Soquel, Tassajara Hot Springs, Watsonville.

There were light aftershocks at Hollister.
October 27: 12:25.* Monterey Bay region. Epicenter same as at 7:53, B. 

Strongest at Spreckels and Salinas, about IV. Felt also at Ben Lomond, Gonzales, 
Greenfield, Hollister, King City, Santa Cruz, Seaside, Tres Pinos, Watsonville. 
Not felt at Big Sur, Bradley, Castroville, Coalinga, Lonoak, Parkfield, San 
Benito, San Juan Bautista, San Martin.

October 28: 1:03.* 4:27.* Felt at Hollister. Recorded at Berkeley.
October 29: 19:26.* Ferndale. Slight. Epicenter about 25 miles from 

Ferndale, B.
November 1: 20:18. San Diego and Oceanside. Slight.
November 1: Solidad. Slight. Berkeley reports an epicenter 6 miles north 

of Gonzales at 13:40.
November 3: 2:00.* San Lucas, V. Small objects and vases overturned, 

furnishings moved. At King City hanging objects swung. Felt also at San 
Ardo. King City reported another shock at 2:10. A few were awakened at 
Lonoak at 3: .

November 4: 21:17.* Near Huntington Beach; heard and felt. 33°47' north, 
118°02' west, P.

November 5: 6:43.* Epicenter about 8 miles east southeast of University of 
California campus, B. Felt feebly in Berkeley.

November 10: 4:32.* Epicenter about 6 miles east of Gilroy, B. Aptos and 
Gilroy, about IV. Felt also at Ben Lomond, near Mountain View, Monterey, 
San Martin, Soquel, Watsonville, Santa Cruz, and Carmel Valley.

November 10: 6:29.* Strongest at Gilroy and Watsonville, about IV. Also 
felt at Aptos, Ben Lomond, Castroville, Gilroy, Hollister, King City, Madrone, 
Moss Landing-, Pajara Valley, Santa Cruz, Soquel. Not felt 5 miles southwest 
of Mountain View.

November 13: 18:51.* Hollister. Slight. Epicenter about 3 miles southwest 
of Tres Pinos, B.

November 16: 2:57.* San Jacinto fault west of Salton Sea, about 33°10' 
north, 116° 10' west, P. V at Garnet. Many awakened at Mecca. Slight at 
Campo.

November 16: 4:27.* San Andreas fault near Cabezon, 33°50' north, 116°42' 
west, P. V at Garnet. Residents awakened at Palm Springs.

November 21: 20:12.* Off Point Arguello, about 34°33' north, 120°47' west, 
P. About 2,000 square miles on land affected. See map. Maximum intensity V 
reported from five places.

INTENSITY V:

Buellton. Cracked wallpaper on ceilings. 
Goleta. Moved small objects and furnishings.
Pismo Beach. Moved small objects, shook trees and bushes; knickknacks fell. 
Point Conception Light Station. Spilled liquids; broke mantle on vapor lamp; 

moved small objects and furnishings.
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Santa ]\faria. Moved small objects and furnishings.
Point Arguello Iright Station. Probably V. "Good hard shake."
Intensity IV: Arlight. Betteravia, Bicknell, Casmalia, Concepcion, Drake, 

Gaviota, Guadalupe, Lompoc, Los Alamos, Los Olivos, Santa Barbara, Santa 
Maria, Surf.

Intensity III and under: Arroyo Grande, Halcyon, Orcutt, San Luis Obispo, 
Santa Ynez, Santa Margnrita, Summer-land.

Not felt: Alamo, Atascadero, Berro«, Carpinteria, Cayucos, Fellows, McKit- 
trick, Maricopa, Morro Bay, Pa'-'o Robles, Po/o, Santa Barbara.

November 24: 11:44.* 'Off Newport Beach, about 33°34' north, 117°59' west, 
P. Felt at Huntington Beach.

November 24: 17:44.* Off Huntington Beach, 33°37'north, 118°02' west, P. 
Felt distinctly 5 miles north of Huntington Beach.

November 27: 12:40. Hawthorne, Nev. Slight.
November 27: 15:32.* Sierra Nevada near Weldon, 35°42' north, 118°22' 

west, P. Felt at Kern River Powerhouse No. 3, near Kernville.
December 3: Off Point ArKiiello, about 34°33' north, 120°47' west, P. Felt 

at Gaviota and Point Conception Light Station.
December 4: 6: . San Jose and Palo Alto (at 7:00). Slight. Not felt at 

26 other places canvassed.
December 4: 17:36.* Epicenter about 19 miles south of Los Banos, B. Prob- 

ablv V at Los Banos. Felt at Mercy Hot Springs.
December 4: 18:05.* Origin same as at 17:36, but a lighter shock, B. Some 

confusion in reports on the two shocks.
December 13: 2:15.* Epicenter about 4 miles southeast of Castroville, B. 

Ill" at Hollister.
December 15: 1:58.* San Jacinto fault at Carrizo Creek, about 33°05' north, 

115°59' west, P. Intensity V at Westmoreland where hanging objects swung 
and small objects and furnishings moved. Felt also at Brawley, Calexico, 
Calipatria, El Centro, Holtville, Niland, Seeley. Not felt at Heber and Mission 
Hills (San Diego).

December 22: 11:24.* Navelancia (Fresno County). Felt. Epicenter prob 
ably near Auberry, B. Xot felt at Vi a alia, Ducor, and some other nearby points.

December 24: 3:57.* Probably off Point Arguello, 34.5° north, I2o!8° west, 
P. Felt moderately at Point Arguello Light Station, Casmalia, Point Conception 
Light Station, Los Alamos.

WASHINGTON AND OREGON

[120th meridian or Pacific standard time]

NOTE. More details may be found in "Abstracts of Earthquake Reports for the Pacific Coast and 
Western Mountain Region" available from the Washington office, or from the San Francisco Field Station 
of the Coast and Geodetic Survey.

Februarys: 12:15. Ferndale, Oreg. ("near Walla Walla, Wash.). Shock felt, 
accompanied by rumbling noise.

February 9: 14:20. Walla Walla, Wash. Light objects moved on shelves.
June 4: 6:43. Walla Walla, Wash. Slight displacement of objects on shelves.
August 10: 16:22. Spokane, Wash. Felt. Recorded on seismograph at 

Mount Saint Michael's Observatory.
September 20: 8:33. Walla Walla, Wash. Slight.
September 28: 0:15. Fall City, Wash. Two tremors 5 seconds apart. 

Awakened observer. Not noticed by others.
November 1: 5:15. Auburn, Cle Elum, Olympia, Wash. Awakened few. 

Not felt at Auburn (contradictory reports), Cashmere, Eatonville, Kent, Leaven- 
worth, Morton, Naches, Renton, Snoqualmie, Wenatchee.

November 11: 8:30.* Olympic peninsula area, Washington. Slight shocks 
recorded on the University of Washington seismograph (Seattle) at 8:30, 8:31, 
and 8:38. At Olympia trees and bushes were shaken. The shocks were weaker 
at Centralia, Whites (4 miles east of Elma) and Shelton. Not felt at 12 other 
places which were canvassed.

November 26: 22:20. Darrington, Hartford, Silverton, Snohomish, Wash. 
Slight. Not felt at 11 other places reporting.

December 14: 1:00 about. Dallas, Oreg. Seismic origin doubtful. Dis 
turbances reported from Fall City, Tillamook, and 3 miles southeast of Sheridan; 
thought by some to have been due to meteor. Houses sho^k and there were 
rumbling sounds.

December 28: 18:01. Possession, Wash. Slight.
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ALASKA

[150th meridian time]

July 22: 7:09.* Central Alaska. Maximum intensity about VIII, 30 miles 
southeast of Fairbanks. Epicenter 64.6° north, 147.1° west. Felt within a 
radius of approximately 300 miles, and recorded at distant seismograph stations. 
As the epicentral region is thinly settled, very little damage occurred.

An informative article on the earthquake is "The Central Alaska Earthquake of 
July 22, 1937," by E. H. Bramhall, appearing in the Bulletin of the Seismological 
Society of America, volume 28, No. 2, April 1938. Dr. Bramhall is in charge of 
the seismographic station at the University of Alaska, near Fairbanks. The 
following information is taken largely from his article.

An effort was made by Dr. Bramhall to locate the epicenter by a field survey 
shortly after the main shock. At Salcha Bluff, near mile 34, the highway was 
completely blocked for several hundred feet by a landslide. Near this point 
there were mud boils and long cracks up to 15 inches in width. Water in the 
nearby slough arose considerably above its normal level and did not subside for 
several days. Water covered the highway in a number of places a foot or more. 
A homesteader in this vicinity reported the shock extremely violent; his antenna 
wires were broken and his radio set pitched to the floor from a table. At mile 33 
station of the Alaska Road Commission a solidly built two-story log structure was 
knocked askew by the first shock, several windows being broken. It appeared to 
lean toward the south at an angle of about 5°. As near as 14 miles from Fairbanks 
small cracks appeared in the road, and near the 18-mile roadhouse silt and sand 
from numerous cracks covered the highway.

A subsequent study of about 75 aftershocks recorded at the University of 
Alaska revealed that about 50 percent indicated an S-P interval of 6 seconds 
(29 miles); 25 percent measured 7 seconds (34 miles); 15 percent measured 5 
seconds (24 miles); 5 percent measured 4 seconds (19 miles); and another 5 
percent, 8 seconds (39 miles). The distance computations are based on the 
assumption that the waves are propagated through a normal slow-speed granitic 
layer and that the foci were shallow. The mean of 14 azimuth determinations 
based on the first impulsive motions recorded on the seismographs was S. 51° E. 
The a'zimuth of the main shock was estimated to be S. 49° E. The aftershock 
azimuths varied, however, from S. 30° E. to S. 70° E. with tendencies to bunch at 
33°, 45°, and from 60° to 70°. These data indicate that the aftershocks occurred 
within a radius of 10 miles of a point about 26 miles S. 50° E. of Fairbanks. They 
also appear to check very well the facts as reported by Dr. Bramhall as a result of 
his field survey. Prof. Perry Byerly of the University of California is making a 
detailed study of the teleseismic records of the main shock on July 22.

Fairbanks suffered considerable minor damage. Estimated damage of $5,000 
was due to broken windows and bottled goods. Electric-light, water, and sewage 
services were undamaged. Anchorage reported slight damage. The following 
additional places reported feeling the shock: Circle, Coal Creek, Cordova, Fort 
Yukon, Hot Springs, Jack Wade, Livengood, McGrath, Nenana, Purgatory, Ruby, 
Tanana, Valdez, Wiseman; also Dawson and Mayo in Canada. All stations 
along the Alaska Railroad felt it. The disturbance was reported not felt at 
Nulato, Bethel, Kanakanak (Bristol Bay), Seward.

Some aftershocks were felt within a radius of 125 miles of the epicentral area. 
Several hundred aftershocks were recorded;

September 3: 18:48.* Greenwich Civil Time. At Sea, 52.5° north, 177.5° 
west, near the Aleutian Islands. Reported felt by five ships scattered over a wide 
area south of the Aleutians.

September 27: 17:29. Juneau and Hoonah. Moderate at Juneau. No 
damage.

October 1: 0:15. Juneau. Slight.
October 24: 11:36.* Seward. Dishes knocked over. Little damage.
November 24: 0:22. Anchorage. Slight.
November 30: 12:10. Anchorage. Slight.
December 7: 4:35. Anchorage. Slight.
December 11: 9:50. Juneau. Slight.
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HAWAIIAN ISLANDS

[157J.-2 meridian (west) time]

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the stronger 
ones are listed. Reports of the Hawaiian Volcano Observatory under the jurisdiction of the National 
Park Service give all details. "HVO" indicates that the epicenter given was determined by the Hawaiian 
Volcano Observatory.

January 10: 22:50.* Felt in Hawaii National Park. 19°20.5' north, 155°09.2' 
west, 7.0 miles deep, HVO.

February 26: 20:04.* Felt by many in Hilo and Hawaii National Park. 
19°20.0' north, 155°23.3' west, 10.0 miles deep, HVO.

March 17: 12:29.* Felt by many in volcano area. 19°24.5' north, 155°16.6' 
west, 1.0 mile deep, HVO.

March 18: 12:10.* Felt strongly at Puuwaawaa Ranch and at Kailua. Dis 
mantled the Kona seismograph. 19°41.0' north, 155°44.5' west, 16.0 miles deep, 
HVO.

March 19: 8:39.* Felt at C. C. C. camp. 19°24.4' north, 155°16.2' west, 
1.4 miles deep, HVO.

April 1: 17:31.* Felt in Hookena. Hanging objects swung. 19°13.3' north, 
155°30.2' west, 20.0 miles deep, HVO.

April 18: 4:10.* Felt very strongly at Puuwaawaa Ranch House; also felt 
on Volcano Road, at Hilo and Kamuela. Origin under Hualalai Volcano.

June 16: 4:52.* Felt rather strongly at C. C. C. camp. 19°24.5' north, 
155°16.7' west, 1.0 mile deep, HVO.

July 22: 11:40.* Felt in park headquarters area and at Kilauea Military 
Camp. 19°23.5' north, 155°15.8' west, 1.8 miles deep, HVO.

August 23: 3:02.* Kilauea Crater. 19°25.0' north, 155°15.9' west, 0.5 nile 
deep, HVO. Dismantled pit seismograph.

August 27: 0:12.* Felt near park headquarters and C. C. C. camp. 19°24.4' 
north, 155°15.8' west, 1.5 miles deep, HVO.

October 18: 0:14.* Felt at park headquarters and Hilo. 19°26.3' north, 
155°25.0' west, 28.0 miles deep, HVO.

October 25: 5:43.* Felt by many at park headquarters and Hilo. 19°19.8' 
north, 155°15.0' west, 9.0 miles deep, HVO.

November 27: 18:35.* Felt at C. C. C. camp, southeast rim of Kilauea 
crater, and park residential area. Pit seismograph dismantled and supports of 
one instrument broken. 19°24.4' north, 155°16.7' west, 1.1 miles deep, HVO.

PHILIPPINE ISLANDS

[120th meridian (east) time!

NOTE. In the case of these islands with their many minor earthquakes, only the stronger ones are listed. 
Reports of the Weather Bureau of the Philippine Islands give all details. Instrumental times given below 
are arrival times of the first preliminary tremors recorded at Manila unless otherwise stated. The intensities 
are according to the R-F scale.

January 1: 9:19.* Tacloban and Guinan. IV.
March 8: 21:21.* Infanta V. Manila II.
March 26: 15:45.* Cagayan, Oriental Misamis. IV.
April 20: 6:25.* Virac. ~IV.
April 20: 18:55.* Irosin. Strong.
June 20: 18:30.* Borongan, V. Felt also at Calbayog and Tacloban.
July 17: 18:26.* Central and eastern Luzon, centering in the Cordillera 

northeast of Manila. V at Baler. Reported felt from eight other places.
August 4: 1:24.* Legaspi, Albay, IV.
August 8: 17:42. (Time by local observer) Legaspi, Albay, IV.
August 10: 12:18.* Probably Philippine Deep. V in.northeastern part of 

Mindanao at Dapa.
August 12: 16:34.* Eastern Luzon. IV at Santa Cruz and Laguna. Felt 

in Manila.
August 15: 4:28.* Northern Luzon. V at Appari and Calayan.
August 20: 11:59.* South and southeastern Luzon. Epicenter 14°10' 

north, 122°05' east, according to the Manila Observatory, in the island of Alabat. 
Intensity VIII to IX (R-F) in central region and VII at Manila where there 
was much property damage. There were 2 deaths and 110 minor injuries in 
the affected area. Several old churches were destroyed; 123 aftershocks were 
recorded at the Manila Observatory. See the Manila Observatory Seismological 
Bulletin covering this period for a very complete account of the shock.
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September 20: 14:09.* Northern Mindanao. IV at Cagayan (Misamis 
Oriental) and Jimenez (Misamis Occidental).

September 22: 3:12.* Epicenter in Samar Sea near Masbate. Very strong 
in southern Masbate; V in northern part.

PUERTO RICO

[60th meridian time]

September 6: 6:59.* Slight tremor at San Juan and San German.
September 9: 20:20 and 24: . Two slight shocks at San German.
September 11: 6:38.* Slight shock at San German.
September 19: 18:10. Slight tremor at San Juan.
October 4: 4:47.* Tremors at Ponce and San German awakened observers.

PANAMA CANAL ZONE

[75th meridian time]

February 27: 22:43.* Balboa Heights, III-IV.
March 9: 10:41.* Balboa Heights, II-IIT. Felt throughout Pacific section 

of Canal.
March 20: 12:57.* Balboa Heights, III-IV. Some slightly alarmed.
March 20: 22:00.* Balboa Heights, II.
March 24: 8:58.* Balboa Heights, II.
March 29: 1:19.* Balboa Heights, II. Felt in David.
March 29: 7:08.* David, Panama. Felt.
June 29: 10:19.* Balboa Heights, II.
October 14: 13:00.* Balboa Heights, II.
December 18: 14:17.* Balboa Heights, II. Felt by many.
December 18: 15:45.* Balboa Heights. Felt.
December 18: 15:49.* Balboa Heights, II-III. Felt by many.
December 18: 17:10.* Balboa Heights, II-III.

MISCELLANEOUS ACTIVITIES

GEODETIC WORK

During the year 1937 the following leveling was run for the purpose 
of detecting earth movements:

Settlement Investigation, vicinity of San Jose, Calif., spring 1937. 
Settlement Investigation, vicinity of San Jose, Calif., winter 1937-38 (in prog 

ress at end of year).

The leveling in the spring of 1937 was the fifth complete releveling 
of the net which was established for the investigation of abnormal 
settlement in the area centered around San Jose.- The sixth releveling 
was in progress at the end of the year. The results of the releveling 
have not been fitted to the first-order level net, and therefore eleva 
tions are not available for publication.

TIDAL OBSERVATIONS

No tidal disturbances of seismic origin were noted on the gages of 
the Bureau and cooperating stations during the year.

HYDROGRAPHIC WORK

Vessels of the Coast and Geodetic Survey are directed to make re 
ports of visible or felt effects of earthquakes. No shocks were reported.



SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated, 
together with epicenters based on the published data and instru 
mental results received from seismological stations in all parts of the 
world. These reports will be furnished upon request to the Director 
of the Bureau.

Instrumental results are published for the following observatories:
Balboa, Canal Zone (The Panama Canal).
Bozeman, Mont. (Montana State College).
Burlington, Vt. (University of Vermont).
Bntte, Mont. (Montana School of Mines).
Chicago, I 1 !. (University of Chicago and United States Weather Bureau).
College, Alaska (University of Alaska).
Columbia, S. C. (University of South Carolina).
Des Moines, Iowa (Private station, M. M. Seeburger, Director).
East Machia.s, Maine (Massachusetts Institute of Technology).
Honolulu, Hawaii (University of Hawaii).
Huancayo, Peru (Carnegie Institution of Washington).
Montezuma, Chile (Smithsonian Institution).
Philadelphia, Pa. (The Franklin Institute.)
San Juan P. R.
Seattle, Wash. (University of Washington).
Sitka, Alaska.
Tucson, Ariz.
Ukiah, Calif. (International Latitude Observatory).

San Juan, Sitka, Tucson, and Ukiah are Coast and Geodetic Survey 
stations; Bozeman, Butte, Chicago, College, Columbia, and Honolulu 
are cooperative stations; Balboa, Burlington, Des Moines, East 
Machias, Huancayo, Montezuma, Philadelphia, and Seattle are inde 
pendent stations. All readings are made or revised at the Washington 
office except those for Balboa.

As the epicenter results for 1937 are not available as this publication 
goes to press it is expected that they will be published in "United 
States Earthquakes, 1938."
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STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932, the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in 
the seismically active regions of the country to obtain data needed 
in the design of earthquake-resisting structures. Notes pertinent 
to the development of this program will be found in the four preced 
ing issues of this series, Serials 579, 593, 600, and 610 and in Special 
Publication 201, "Earthquake Investigations in California, 1934-35." 
Material in the "United States Earthquakes" series is restricted to 
the analysis of strong-motion seismograph records. Special Publica 
tion 201 is much broader in scope, containing data on structural and 
ground vibration and detailed descriptions of the various activities 
which comprise the seismological program as a whole. The reader 
is also referred to Special Publication 206, "Selection, Installation, and 
Operation of Seismographs," for descriptive material on strong- 
motion instruments and vibration meters in addition to similar infor 
mation on teleseismic instruments.

Interpretation of records. The following analyses are based on the 
assumption of simple harmonic motion. This refers especially to the 
computation of displacement from accelerograph records. As most 
accelerograph records are ol irregular character, and the character of 
the longer-period waves is often obscured by the superposing of shorter- 
period waves of relatively large amplitude, the estimates of displace 
ment must be considered as only approximate. One must rei'er to 
the illustrations of the curves themselves to evaluate the probable 
accuracy of the estimated displacements.

The reader is referred to the preceding publication, Serial 610, 
for further comments on the interpretation of strong-motion seis 
mograph records, especially with reference to the use and evaluation 
of integration methods. No records for the current year were sub 
jected to this type of analysis. Because of the press for time it has 
not been possible to entirely complete the projects in strong-motion 
analysis mentioned in the preceding issue.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the ac 
celeration of gravity, indicated by "g," which is equal to 980 cm/sec. 2 
For practical purposes it is only necessary to point off three decimal 
places to convert cm/sec. 2 to "g."

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light spot, in centimeters for a constant acceleration of 100 
cm/sec. 2 This means that the seismometer pendulum is tilted side 
ways until the effective component of the earth's gravitational field 
is equal to 100 cm/sec.2 , or practically 0.1 g.
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The following are constants which may be used in converting c. g. s. 
units to the customary English units:

1 cm-0.3937 in. = 0.03281 foot.
1 cm/sec. = 0.03281 ft./sec.
1 cm/sec. 2 = 0.03281 ft./sec. 2
1 cm =10 mm.
0.1 g=98 cm/sec. 2 = 3.215 ft./sec. 2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are usually 
tracings of the original record and must not be accepted as genuine 
copies. The illustrations are intended to show the nature of the data 
rather than furnish a means through which the reader can make his 
own measurements. It is realized that the slightest variations in the 
copy can easily lead to misleading conclusions. Those who desire true 
copies for critical study should address the Director of the Bureau for 
further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings appearing in this publication are reduced so that if the 
constants are applied to them a correction will be necessary because 
of the reduction. The reductions are approximated in the ratio of 
1.6 to 1.

TABLE 1. List of shocks recorded and records obtained on strong-motion seismograph* in 1937

Date, epicenter, and recording station

Feb. 6; off Humboldt Bay:

Mar. 8; near Berkeley:

San Francisco, S. P. Bldg._____..._ ...........................

Mar. 25; southern California, Terwilliger Valley:

Oolton .---....,-.. _ - . .... . ___ ._.___.____.___.
ElCentro--------- - - ---_.---_ -------------.-----

Nov. 11 Boulder Dam, Nev.:

Acccler- 
ograph

1
1
1

1
3
2
1

2
2
3
1
1
1
1
1

1
1

1
1
1

Records

Displace 
ment- 
meter

1

1
1

1

1

1

Wer-d stronc- 
motion 

seismograph

1

NOTES ON STRONG-MOTION SEISMOGRAPH RECORDS

The previous practice of attempting to describe the seismograms in 
detail in the text is believed to be rather superfluous because the 
outstanding periods are listed in tables, such as table 2 in this issue, 
and the illustrations provide a far better picture of the records than 
can be obtained in any other way. The following notes will therefore
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contain only such information on the earthquakes and the records 
which may not be evident from table 2 or from the illustrations. For 
convenience certain fundamental information on the earthquakes will 
be repeated from the noninstrumental part of the publication.

The records have been given a second reading and some differences 
will therefore be noted from the preliminary figures which appeared 
in the Progress Reports for the same period. It is well to repeat here 
that, as the measurement of periods on records of this nature is 
dependent largely on the judgment of the person reading them, 
considerable latitude must be allowed in appraising their accuracy. 
The aim of such analyses is primarily to give a fair picture of the 
magnitudes of the various elements involved, and the figures tabulated 
should therefore not be used for important studies without first 
referring to the illustrations for an idea of the nature of the original 
records.

EARTHQUAKE OF FEBRUARY 6, OFF HUMBOLDT BAY

Epicenter at sea about 50 miles northwest of Ferndale. Intensity 
V in the Humboldt Bay area. Approximately 8,000 square miles of 
land area affected. Recorded at the Eureka and Ferndale stations.

Eureka. Figure 8. Station about 50 miles southeast of epicenter. 
Maximum acceleration occurs near start of accelerogram. Some loss 
of preliminary activity is indicated by comparison with the nearby 
Ferndale record. The displacement-meter began operating when a 
maximum displacement of nearly 7.0 mm was being recorded. The 
maximum ground displacement was very likely greater than this.

Ferndale.  Figure 8. Station about 50 miles southeast of epicenter. 
A much stronger acceleration record than obtained at Eureka. A 
relatively quiet period about 4.2 seconds before the main wave group 
indicates preliminary compressional wave activity.

EARTHQUAKE OF FEBRUARY 19, NEAR HAWTHORNE, NEV.

Epicenter not known accurately but considered to be about 20 
miles southeast of Hawthorne where the intensity was about IV. 
About 4,500 square miles affected.

Hawthorne. Figure 17. A typical record of a light nearby shock 
just about within the starting range of the accelerograph.

BERKELEY EARTHQUAKE OF MARCH 8

Epicenter about 1 or 2 miles north of the University of California 
campus on the Haywarcl fault. VI to VII in parts of Berkeley and 
surrounding areas where many chimneys were cracked. About 5,000 
square miles affected. Recorded at Berkeley, and at three stations 
in San Francisco.

Berkeley.  Figure 9. Station about 1 or 2 miles south of epicenter. 
Duration of active portion only about 2 seconds. Maximum accelera 
tion 56 cm/sec. 2 A time mark was made on the accelerogram through 
a special connection with the university clock.

Alexander Building, San Francisco. Figure 10. Station about 12 
miles southwest of epicenter. Only 2 seconds of record was obtained 
on the basement accelerograph due to premature stopping of the 
instrument. The eleventh floor accelerogram shows what appears to 
be a clear resonance effect on the vertical component reaching a 
maximum acceleration of 34 cm/sec. 2 the highest reading on any
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component. The dominant period, 0.22 second, was observed in 
vibration tests in the building. The roof accelerogram is incomplete 
owing to failure of a clutch to function at the start.

Southern Pacific Building, San Francisco.  Figure 9. Station about 
12 miles southwest of epicenter. The accelerograph and displace 
ment-meter records obtained in the basement show rather weak 
activity. The fourteenth floor accelerograph record, however, shows 
considerable building motion, the maximum on one component 
reaching 11 cm/sec. 2

State Building. San Francisco. Figure 9. Station about 12 miles 
southwest of epicenter. The accelerations are somewhat higher and 
the recorded displacements somewhat less than shown on correspond 
ing records in the Southern Pacific Building. The periods in the 
State Building are noticeably less, however. There is no instrument 
on the upper floors.

SOUTHERN CALIFORNIA EARTHQUAKE OF MARCH 25

Epicenter in Coalmila Valley on San Jacinto fault in thinly in 
habited region. Probably VII in epicentral area. Area affected, 
about 30,000 square miles. Recorded at two stations in Los Angeles, 
at Hollywood, Pasadena, Vernon, Colton, El Centre, San Diego, 
and San Bernardino. The intensitv in the Los Angeles area was 
IV to V.

Subway Terminal Building, Los Angeles. Figure 11. Station about 
103 miles northwest of epicenter. Weak accelerograph record ob 
tained in basement but thirteenth floor accelerogram shows consid 
erably greater activity and very much more prolonged activity, 
indicating building response to ground motion which appears to 
better advantage on the basement displacement-meter record.

Chamber of Commerce Building, Los Angeles. Figure 12. Station 
about 103 miles northwest of epicenter. The basement and twelfth 
floor accelerograph records are broadly comparable with similar 
records obtained in the Subway Terminal Building, the top floor 
record being equally prolonged.

Hollywood Storage Co. Building.  Figure 10. Station about 108 
miles northwest of epicenter. The basement and lot accelerograph 
records are weak and similar in general appearance. The penthouse 
accelerogram reveals considerable and prolonged building motion. 
The north-south component of the penthouse accelerograph failed to 
function.

Pasadena, California Institute of Technology. Figure 13. Station 
about 103 miles northwest of epicenter. Intensity IV in Pasadena. 
The accelerometer and displacement-meter records show similar but 
somewhat weaker activity than recorded on similar instruments in 
Los Angeles. The difference in the displacement-meter records is 
quite marked.

Vernon, Central Manufacturing District Warehouse. Figure 13. 
Station about 102 miles northwest of epicenter. The accelerograph 
record shows definitely greater activity than corresponding records 
obtained at other stations in Los Angeles and vicinity. The increase 
is confined largely to the horizontal components. Even so, the 
maximum recorded acceleration is only about 4 cm/sec. 2

Colton. Figure 14. Station about 57 miles northwest of epicenter. 
The intensity at Colton was estimated at about IV, but the accelera-



UNITED STATES EARTHQUAKES, 193' 33

Down

West

North

0 Seconds 5 10 _ _

March 8. Berkeley accelerograph record.
Down

North

East

0 Seconds 10

March 8. San Francisco, State Building accelerograph record.
East

\s~S~   ~                                                 .                    

South

0 Seconds 10 15 20

March 8. San Francisco, State Building displacement-meter record.
Down

0_ v_ Seconds _____5_________ 10 _________

March 8. Southern Pacific Building. 14th floor accelerograph record.
Down

N/-~~   - -  "^--  -».               -   -s.                         

^____ ____________ __ Southeast__

Southwest

0 Seconds 10

March 8.Southern Pacific Building. Basement accelerograph record.
Southeast 

_______ ___Southwest

0 Seconds 5 _ 10 15 20

March 8. Southern Pacific Building, displacement-meter record.

FIOURE 9. Tracings of Berkeley, State Building, and Southern Pacific Building strong-motion records of
March 8,1937.
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Down
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March 8. Alexander Building. Roof accelerograph record.

(lltwyyy\/\/ww^            
~>^~u*
East

N-^V^^^^-'W" "*^^^  .    -I .l«^~

0 S_econds _______ ?_________________

March 8. Alexander Building, llth floor accelerograph record.
Down
*~~^s 
East

\/\s~~^-^^\S\S^~

0 Seconds 5 10 _ _ 

March 25 Hollywood. Penthouse accelerograph record.

______ __________________Down__________

North

_ East_________ 

0 Seconds 5 10 15

March 25. Hollywood. Basement accelerograph record.
Down

West_______________

North
>_XSi*>»^*NAX*^^x^»i'  ^«»^V.*%.^NM'^»I i-i'i.i  «-«s>-- - I..   ..-  i   --^^-<^-.M.  . - -^ . "»  ,

0 Seconds 5 10 15 

March 25. Hollywood. Adjoining lot accelerograph record.
Down

West
**^s\-

North
*f-~^

0 Seconds 5 10

March 25. San Diego accelerograph record.

FIGURE 10. Tracings of Alexander Buildin? strong-motion records of March 8, 1937; Hollywood and San 
Diego strong-motion records of March 25,1937.
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tion records show greater activity than at any of the Los Angeles 
stations. Continual machinery vibrations are in evidence in the 
quiet part of the record but are too small to influence the general 
character of the earthquake record. The displacement-meter record 
is comparable with those obtained in Los Angeles but is not so pro 
longed, due evidently to the shorter epicenter distance.

El Centra. Figure 14. Station about 76 miles southeast of epicenter. 
Intensity IV in El Centre. The maximum accelerations lie between 
the higher values obtained at Colton and the more active accelerations 
recorded in the Los Angeles area. The outstanding feature of the 
record is its prolongation. There is still considerable activity in the 
longer period waves after 60 seconds.

San Diego. Figure 10. Station about 62 miles southwest of epi 
center. Intensity IV in San Diego. Except for a few dominant 
short-period waves at the start, the record is slightly weaker than the 
El Centre and Colton accelerograph records.

San Bernardino. Figure 15. Station about 59 miles northwest of 
epicenter, near Colton. Intensity IV in San Bernardino. Although

NW - SE ' SE - NW

NE - SW NE-SW

FIGURE 15. Tracing of Weed strong-motion FIGURE 1<>. Tracing of Weed strong-motion
seismograph record of earthquake of March 25, seismograph record of earthquake of July 7,1937.
1937. San Bernardino. Santa Ana.

the Weed strong-motion seismograph operated, the motions were 
entirely too small for this type of instrument to record satisfactorily. 
The friction of the writing points on the smoked glass enters the prob 
lem to such extent that the tabulated quantities should be accepted 
with considerable reservation.

WESTERN NEVADA EARTHQUAKE OF APRIL 24, 1937

Epicenter not known exactly but believed to be roughly 75 miles 
northeast of Hawthorne in a sparsely settled area. V was the maxi 
mum intensity reported. Area affected, about 15,000 square miles.

Hawthorne, Nev. Figure 17. Epicenter about 75 miles northeast of 
Hawthorne. Intensity III at Hawthorne. The accelerogram is a 
typical weak record with short-period waves dominating, a fact which 
raises some doubt as to the accuracy of the epicentral distance. The 
time marking clock failed to function, but test records indicate that 
the scale on the record of the earthquake of February 19, also figure 
17, may be accepted, for all practical purposes, for this shock.

BOULDER DAM EARTHQUAKE OF APRIL 27, 1937

Local shock. Epicenter not known.
Boulder Dam intake tower. The accelerograph record is so weak 

that reproduction is not considered necessary. Reported as "very 
hard bump" at Boulder power plant. The accelerograph was in 
operation about 14 seconds before the shock for no reason which is ap 
parent on the record. Attendants were in the room at the time. A 
distinct S-P interval of about 0.32 is recorded indicating a distance 
of approximately 2.5 km to the focal point of the disturbance. The
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0 Seconds 10

February 19. Hawthorne accelerograph record.

^^^^^^ ___ _____________________Down __

South

West

April24. Hawthorne accelerograph record.
Down

!Rft/UAAAvv/V\'VAA*~/</M*~J^Axv^>^>^.
Northwest

North east

0 Seconds _____JL_________!£____

November 11. Boulder Dam, 1215 gallery accelerograph record.

Down

South east

rflJl^^   

South west

0 Seconds 10

November 11. Boulder Dam, intake tower accelerograph record.
Down 

South

West

0 Seconds 10

December 15. El Centro accelerograph record.

FIGURE 17.  Tracings of Hawthorne strong-motion records of February 19 and April 24; Boulder 
records of November 11; and El Centro record of December 15, 1937.

Dam
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installations in 1215 gallery and the oil house were not connected at 
the time for simultaneous starting with the intake tower accelerograph.

EARTHQUAKE OFF NEWPORT BEACH, JULY 7, 1937

Epicenter off Newport Beach was focal point of the Long Beach 
earthquake of 1933. Maximum intensity V at Santa Ana. Local in 
character. Affected less than 1,000 square miles of land area.

Santa Ana. Figure 16. Station 14 miles northeast of epicenter. 
The Weed strong-motion seismograph was set in operation but the 
record is weak, and the maximum amplitudes are obviously due in 
large part to resonance of the insufficiently damped pendulum of the 
instrument.

BOULDER DAM EARTHQUAKE OF NOVEMBER 11, 1937

This was a strong local shock felt over the entire project. Keported 
effects indicate maximum intensity about VI. Exact epicenter not 
known.

Boulder Dam intake tower. Figure 17. The accelerograph began to 
operate as the maximum accelerations were occurring. A feeble after 
shock record, 21 seconds after the start, has an S-P interval of 0.75 
sec. corresponding to a focal distance of about 6 km. There is no way 
of knowing whether both foci were identical but it seems significant 
that a similar interval can be measured also on the vertical motion 
record of the main shock.

Boulder Dam, 1215 gallery. This station is in the dam itself about 
500 feet from the intake tower station. The first part of the accelero 
graph record was lost through fogging of the trace but apparently at 
no time did the acceleration reach the magnitude observed in the in 
take tower. In the case of the after-shock, the same S-P interval is 
observed as on the intake tower record.

Boulder Dam, oil house. The instrument was purposely disconnected 
at the time because of blasting operations near the station.

IMPERIAL VALLEY EARTHQUAKE OF DECEMBER 15, 1937

Epicenter 32 miles northwest of El Centre on the San Jacinto fault. 
Maximum intensity V at Westmoreland. Shock rather local in 
character.

El Centro. Figure 17. Station 32 miles southeast of epicenter. 
Ill or IV at El Centro. The accelerograph record is weak. High 
frequency vibrations are practically absent.
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TABLE 2. Summary of strong-motion seismograph data for the year 1937

[See the text preceding this table for additional details. Simple harmonic motion is assumed when com 
puting displacement from an accelerogram and when computing acceleration from a displacement- 
meter record]

EARTHQUAKE OF FEBRUARY 6. OFF HUMBOLDT BAY

Station and component

Southwest-northeast ........

Earth- 
wave 
period

Seconds

0.08
0.6 
0.10
0.25 
0. 55 
0.09

1.0

0.7 
4.0

0.5 
4. Orb 
2.2

0.1
0.37

.
0.75 
0.14
0.28 
0.9 
0. 15±
0.18 
0.40 
0. 7±

Maximum 
accelera 

tion

Cmlsec. 1

5.8
1.6 
1.5

11.6 
6.0 
3.7

16.7
2 2

3.3 
0.5

9.6 
0 5rb 
0.5

3.2
8.1 

14.2
1.6 
5.0

33. 5 
3.3 
2.2

40.0 
7.3 
9.0

Maximum 
displace 

ment

Cm

0.014 
0.004
0.018 
0.046

0.055

0.75
0.04 
0.20 
0.37
0.06 
0.20 
0.06

0.001
0.028

0.0023 
0.002
0. 06R 
0. Ofi7 
0. 001±
0.032 
0.029 
0. 118±

Remarks

End portion.

One wave. 

Periods variable to 0.25 second.

End portion.

Periods to 1.5 seconds frequent.

Also 0.7 second waves.

Frequent. 
Maximum. Short period.
End portion. 
Frequent.
Several waves.

One wave. 

Frequent in end portion.

EARTHQUAKE OF FEBRUARY 19. NEAR HAWTHORNE, NEV.

Vertical...................... 0.10 
0.10 
0 19 
0.10

3 2 
9^0 
2.1 
5.9

0.001 
0.002 
0.002 
0.001

Fairly smooth waves. 
Prevailing period. 

Do.

Do.

BERKELEY EARTHQUAKE OF MARCH 8

Berkeley accelerograph: 
Vertical.. .-..___-_-..........
N. 72° E.-S. 72° W . . . .

S. 18°E.-N. 18° W ..........

San Francisco, Alexander BIJg., 
basement accelerograph :

N.82° E.-S. 82 D W.

San Francisco, Alexander Bldg., 
eleventh floor accelerosraph :

S. 8° E.-N. 8° W. . _.. ....

S. 82° W.-N. 82° E. ..... .

San Francisco. Alexander Bldg., 
roof accelerograph:

3.8° E.-N. 8° W . .. . ... .

S.82° W.-N. 82° E ....... .

r. 10
0. 10 
0.26 
0.10 
0.20

0.22

0.22 
0.20

0.22 
0. 2± 
0. 45± 
0.21 
0. 3± 
0.5

0.20 
0. 40±

0. 47±

23.9 
31.0 
1.9 

45.7 
22.5 
56. 1

13.4

2.6 
7.8 

15.4

34.4 
1.0 

10.2 
5.5

12.8

5.4 
2. 7

0.006 
0.008 
0.003 
0.011 
0. 023?

0.016

0.003 
0.008

0.042 
O.OOli 
0. 516± 
0.006 
0. 029±

0. 00.5 
O.Olli

0.015±

Prevailing period. 
Do. 

Weak. 
Also 0.08 and 0.15 second periods.

Maximum at start.

Stopped after 2 seconds. 
Irregular.

Maximum at start.

20 very uniform wave?. 
End portion. 
Somewhat irregular.

One wave. 
Trace.

Irregular. Shorter period super 
posed. 

Do.
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TABLE 2. Summary of strong-motion seismograph data for the year 1937 Continued 

BERKELEY EARTHQUAKE OF MARCH 8  Continued

Station and component

San Francisco, Southern Pacific
Bldg., basement accelerograph:

Vortip°l

Northwest-southeast. . . .

Northeast southwest
San Francisco, Southern Pacific

Bide., displacement-meter:

Northeast-southwest _
San Francisco, Southern Pacific

Bids., fourteenth floor accelcro-
graph:

VcBwaL ------- ---- -- --

Southwest northmst .. _

Northwest- southeast

San Francisco, State Bldg , ac-
celerograph :

S. 8° E.-N. 8° W . . . .

t-.82° W.-N. 82° K ........

San Francisco, State Bldu.. dis-
plaeement-meter: 

'N. 8° W.-S. 8° E . . . .
S. 82° \V.-N. 82° K . . ..

Earth-
wave
period

Seconds
0. 50
0.33
0.40
0 21
0.30

1. !

0. 18
0.40
0. !2
0 44
1.2
0. 50
1 -2

0. 20
0. 36
o. n
0.21?
0. 30?
0 13

0. 20
0. 43

0 42±
0. 40±

Maximum
accelera

tion

Cm' tec. 2
3.0
1.5

11. 1
1.0
4.2

1 7
1 3

4.9
12 8

9 -

22.5

50. 5
12 8

5 6
 2.8

1.7
15.fi
n. 7
3. 1

20.0
12.8
8.0

S.9±
!). 8±

Maximum
displace

ment

Cm
0.024
0 004
0. 044
0 001
0. OH

0 Or,
0.04

0.004
0.051
0.011
o roo
0.316
0. 460

0. OOfi
0. 00')
0.00!±
0 017
0. 026
0.014

0.013
0.04!

0.04
0.04

Remarks

Do.

Badlv masked.
Ma?, imum , ai start, not recorded.
Badlv masked.

A /cvv parasitics.
One wave near start.
One wave
Train of waves.

At start.
Train.

Prev.iilins period.
Do.

SOUTHERN CALIFORNIA EARTHQUAKE OF .MARCH 25

Los Angeles Subway Terminal, 
basement accelerograph: 

Vertical.. ... .. .... 
Southeast-northwest, ....

1/os Angeles Subway Terminal, 
displa ement meter:

!,os Angeles Subway Terminal, 
thirteenth floor aecelerograph :

Los Angeles Chamber of Com 
merce Bldg., basement accelero- 
graph:

S. 50° E.-N. 50° W..._.

S. 40° W.-N. 40° E_. .........

0.25 
0.40 
0.64 
0. 10
0. 36± 

0. 50±
1.5 
2.5± 
4. fi
1. 1±
1.9 
4.6
8. 0±

0. 14
0.34 
0. 14±
0.34 
0. 65 
0. 75 
0.15
0.33 
0.65 
0.75

0. 15
0. 32±

0.36 
0. 32±

1. 1 
2.0 
1.5 
1.0

1.4 

3.2±
0.7 
0. fi± 
0.2
1.7±
0.4 
0.3
0. 1±

1.5 
1.1
3.0 
4.3 
2.2 
2.5
4.5 
4.0 
3.5

0.8
1.6
0.8
1.2
1.8

0.003 
0.006 
0.010

0.005± 

0.02
0.04 
0.10 
0. 13 
0.05
0.04 
0. 14 
0. 12

0.001
0.004 
0.001
0.010 
0.045 
0.031 
0.001
0.012 
0.042 
0.049

0.001-
0.004 
0.001-
0.004 
0.004

Weak and indefinite. 
Periods variable.

End portion.

Do.

End portion. 
A few parrssitUs.

End portion. 
Middle portion.

Few only. 
Frequent. 
End portion. Smooth. 
Few.
Many. 

Weak.

Do.
Irregular. 

Do.
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TABLE 2. Summary of strong-motion seismograph data for the year 1937 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MARCH 25 Continued

Station and component
Earth-
wave
period

Maximum
accelera

tion

Maximum
displace

ment
Remarks

Los Angeles Chamber of Com 
merce Bldg., twelfth floor ac- 
celerograph:

S. 40° W.-X. 40° E. ..........

N. 50° W.-S. 50° E...........

raent accelerograph.

Hollywood Storage Bldg., pent 
house record:

near-by lot accelerograph.

East-west __.._._._ .

Pasadena accelerograph:

South-north.. ..... _.

Pasadena displacement -meter.

Vertical .

East-west.....

East-west. ____..._._. ..

Colton displacement-meter:
Northwest-southeast

Seconds 
0. 15±
0. 25± 
0.30
0.33 
1.42± 
0. 22±
0.35 
1.50 
1.20

0.40
0. 25±
0.62 
0.30
0.40 

0. 55±

0.55±

0.40
0. 22±
0. 35± 
0.26
0. 37± 

0.40
0. 40± 
0. 40±

1.0
1.6±
1.5±

0. 13±
0. 20± 
0. 32± 
0. 18
0. 30 
0. 50± 
0. 17
0. 311 
0. 50

0. 10
0. 15 
0. 12
0.20 
0.28 
0. 10

0.20 
0. 33

0. 25±
1 0 
-l.4± 
0. 30
0. 7 
1. 25 
4. 7 
7. 5

0.08
0.21 
0.38 
0. 7 
0.11
0.20 
n. 70±
0.11
0. 18± 
0. .iO 
0. 70±

Cm/ 'sec .' 
1.1
2.1 
2.4
5.9 
5.2
1.7
3.1 
3.5
2.8

0.9
1.4
1.9 
2.3
0.9 

2.8

10.0

1.0
0.5

2.0
2. 5 

0.7
1.2 
1.1

0.4
0.4 
0.8 
0.8
3.8 
2.6 
0. 8
6.5 
1.9

0.8
7.0 
3.4

12.4 
4.5 
1.0

11.2 
6.6

6.4
0.8 
0.2 
4.4
1.6 
0.5 
0.2 
0. 1

0.8
0.8 
1. 1 
1. 5 
1.5
2.2 
3 7 
1. 1
1.9 
3.7 
3.7

Cm 
0.001-
0.003 
0.005
0.016 
0.262 
0.002
0.009 
0.197 
0.101

0.004
O.OOli
0.015 
0.097
0.004 

0.21±

0.077

0.004
0.001-
0. 007i 
0.003
0. 009d 

0.003
0. 006- 
0.004

0.001-
0.001- 
0.002 
0.001-
0.009 
0. Olfi 
0.001-
0.015 
0.012

0. 001 -
0. 004 
0 001
0.012 
0.009 
0.001-

0.011 
0.018

0.01
0.02 
0. 12 
0.01
0.02 
0.02 
0.09 
0.09

0. 001 -
0.001- 
0.004 
0.018 
0. 001 - '
0. 002 ' 
0. 046 
0. 001-
0.002 
0. 023 
0.045

Many.
Few. Irregular.
Many.
One wave.
Many including end portion.

Many 0.40 second waves.
Few.
Many.
Traces irregular.

Also slightly longer periods.

Irregular. 
No record. 
Generally smooth. 
All traces irregular.

Few.

Weak. Also 0.60 second waves 
Also longer periods. 

Do.

Few.
Many. Very irregular. 
Very irregular. 
Traces very irregular.

Rather prevalent.

Dominant period.
Longer periods in end portion.

Dominant period.
Few.
Continuous 0.1 second machine

vibrations.
Probably machinery vibration. 
Dominant in first part. 
Few. 
Dominant.

Larger than machinery vibra 
tions.

A few parasitics. 
Also longer periods. 
Dominant-Irregular. 
Few.

Do.
Do.

Dominant. 
Irregular. 
Record very long. 
Also 0.11 second waves. 
Few.

Co. 
End portion.

Also some 0.6 second waves- 

Few. 

Also some 0.6 second waves.
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TABLE 2. Summary of strong-motion seismograph data for the year 1937 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MARCH 25  Continued

Station and component

San Diego accelerograph:

motion seismograph.

Earth-
wave
period

Seconds
0.13
0. 19±
0.6
0. 13±
0. 65±
0. 13±
0. 6±

1.2
0.25
1.40

Maximum
accelera

tion

Cm/sec. 2
3.7
2.1
0.8
9.0
2.2

10.4
1.7

0. 1
0.6
0.3

Maximum
displace

ment

Cm
0.002
0.002
0.007
0.004
0.024
0.004
0.016

0. 005 ±
0.001-
0. 014±

Remarks

Few in ead portion.

Do.

trace displacements at start.

Do.

WESTERN NEVADA EARTHQUAKE OF APRIL 24

Hawthorne accelerograph:
0. 10± 
0.13 
0.08 
0. 10 
0. 13 
0. 16 
0.08 
0.10 
0.13

0.8 
2.0 
3.1 
1.9 
8.2 
2.4 
1.0 
1.0 
5.2

0.001- 
0.001- 
0.001- 
0.001- 
0.003 
0.002 
0.001- 
0. 001 - 
0.002

Also a few 0.08 second waves. 
Dominant.

At start.

End portion. 
Dominant.

BOULDER DAM EARTHQUAKE OF APRIL 27

Boulder Dam intake tower accel 
erograph.

0.07 
0.103 
0.07 
0.09 
0.07 
0. 09±

3.4 
2.4 
G. 8 
1.0 
8. 1 
1.0

0.001- 
0.001- 
0.001- 
0.001- 
0.001 
0.001-

\Veak record. Partl>» machine 
vibrations. 

Few. 
Long train. Artificial? 
Few. 
Group. Artificial. 
Few. 
Possibly artificial.

EARTHQUAKE NEAR SANTA ANA, JULY 7

Santa Ana, Weed strong-motion 
seismograph.

0.18 
0.19

3.? 
6.?

0.002? 
0. 005?

Record due largely to insumcient 
damping and resonances. 

Same as pendulum period. 
Do.

BOULDER DAM EARTHQUAKE OF NOVEMBER 11

Boulder Dam, intake tower accel 
erograph:

Northeast-southwest

Boulder Dam, 1215 gallery accel 
erograph:

Southwest-northeast

0.09 
0. 098 
0.103 
0.09 
0. 10 
0.25 
0.80 
0.09 
0. (X*5 
0.75 
0.25

0.3? 
0.12 
0.22 
0.22 
0. 18 
0.20 
0.6? 
0.18 
0.20 
0.23

50.0 
31.0 
3.0 

65.0 
29.0 
11.0 
0.9 

55.0 
34.0 

1.4 
1.9

2.4 
1.9 
d.9 

17.0 
3.4 
1.5 

33.0 
23.0 
13.0 
1.0

0.010 
0.007 
0.001 
0.013 
0.007 
0.018 
0. 014 
0.011 
0.008 
0.020 
0.003

0. 000? 
0.001 
0.001 
0.020 
0.003 
0.002

0.018 
0.013 
0 008

First motion is maximum- 
is smooth wave?. 
End portion.

Main group. 

Main group.

Irregular. 
Do.
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TABLE 2. Summary of strong-motion seismograph data for the year 1937 Continued 

IMPERIAL VALLEY EARTHQUAKE OF DECEMBER 15

Station and component

El Centro accelerograph   
Vertical . ....'........... ...

East-west..... _ .... .

Earth- 
wave 
period

Seconds 
0.30
0. 1C
0.15 
0.33 
0.15
0. 32±

Maximum 
accelera 

tion

Cm! sec. 2 
0.7
0.4
0.6 
2.5 
0.6
2.6
7.5

Maximum 
displace 

ment

Cm 
0.002
0.001-
0.001- 
0.007 
0.001-
0.006

Remarks

Dominant.
Few.

Do. 
Dominant. 
Few.
Dominant. 
Maximum acceleration at start.

TABLE 3. Instrumental constants of strong-motion seismographs in 1937 

EARTHQUAKE OF FEBRUARY 6. OFF HUMBOLDT BAY

Station and instrument

Eureka accelerograph .

Ferndale accelerograph .

Orientation of instru 
ment '

E.-W. ..................
S.-N.. ........ ..........
S.-N_. ..................
E.-W...................

SW.-NE.... ............
NW.-SE.. ..............

Pendu 
lum 

period

Sec. 
0.100
0.098
0.099

10.00
10.06
0.097
0.100
0.099

Static 
magni 
fication

102
107
106

1.14
1.14

101
113
107

Sensi 
tivity 2

Cm
2.58
2.66
2.69

2.47
2.75
2.72

Damp 
ing 

ratio

8
12
12
13
12
10

7
11

Instru 
ment 

number

V29
L13
T8

R13
L13
V10

L4
T15

EARTHQUAKE OF FEBRUARY 19. NEAR HAWTHORNE, NEV.

Hawthorne accelerograph
N.-S.. ..................
E.-W. ..................

0.097
0.099
0.100

100
100
115

2.50
2.55
2.86

12
12
9

VI-
L3
T3

BERKELEY EARTHQUAKE OF MARCH 8

Berkeley accelerograph .............

San Francisco, State Bldg.: 
Accelerograph.....

San Francisco, Southern Pacific 
Bldg: 

Fourteenth floor accelerograph 3

Basement accelerosraph s .

Basement displacement meter '

San Francisco, Alexander Bldg.: 
Eleventh floor accelerograph 3

Roof accelerograph 3 ...

Ba«ement accelerograph 3

Up-Down ...__----.__--
X. 72°E.-S. 72° W-__... 
S. 18° E.-N. 18° W......

S. 8°E.-N. 8° W.. ......
S. 82° W.-N. 82° E......

SW.-NE................
NW.-SE................

NW.-SE................
NE.-NW... ............
NW.-SE................
NE.-SW ...............

S. 8° E.-N. 8° W .....
S. 82° W.-N. 82° E......

S. 8° E.-X. 8C W ....... 
S.82° W.-X. 82° E---.--

X. 8° W.-S. 8° E_ ...... 
X. 82° E.-S. 82° W -----

0.098 
0.096 
0.101

0.097
0.097
0.101 

10
10

0. 103
0.102
0.102
0.100
0.099
0.098

10
10

0.100
0.100
0.100 
0.098
0.098 
0. 100 
0.100
0.097 
0. 102

98 
107 
106

104
108
104 

1.14
1.14

78
79
77
79
79
76

1.14
1.14

76
79
76 
76
77 
79

77 
77

2.43
2.58 
2.67

2.48
2.57
2.80

2.05
2.00
1.96
2.05
1.99
1.89

1.92
1.96
1.96 
1.86
1.88 
1.99 
1.94
1.94 
1.94

11 
9 
9

10
10
10
8.4
8.6

11
10
10
10

6
10
g
8

7
9

30
8
8 
8 
3.6

A

V41 
L42 
T4S

V52
L53
T54 
R14
L14

V108
L88
T98

V107
L87
T97
R18
L18

V118
L96

T106 
VI 10

L90 
T100 
V109

L89 
T99

' The direction on the left (up in the first case) indicates the direction of pendulum displacement, relative 
10 instrument pier, which will displace the trace upward on the original seismogram.

3 The sensitivity is the number of centimeters on the seismogram that corresponds to 100 cm./sec. 2 of 
acceleration. The deflection corresponding to 1/10 gravity may be obtained by multiplying the sensitivity 
tabulated by 0.98. (See p. 28.) Some instruments are equipped with attachments which provide auxiliary 
light spots of low sensitivity. All the earthquakes tabulated were too weak to require the use of the insensi 
tive spots, and the sensitivities tabulated are values for the normal or sensitive spots. These sensitivities 
are less than on accelerometers not equipped with the new mirrors on account of.the increased moment 
of inertia.

3 Instruments at these stations are wired to start simultaneously.
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TABLE 3. Instrumental constants of strong-motion seismograplis in 1937 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MARCH 25

Station and instrument

Hollywood Storage Co. Bldg :

Los Angeles, Snbwav Terminal 
Bldg.: 

Basement accelerograph 3 . .....

Los Angeles, Chamber of Commerce: 
Twelfth floor accelerograph 3 . ._

Basement accelerograph ' ....

Vernon aceelerograph __ _ _ __

Pasadena aceelerograph, .. __ _

San Bernardino Weed strong-mo-
tioii seismograph.

Orientation of instru 
ment

Up- Down ... -.- -
S.-X .... ... ... .
W.-K. ...... ......
Up-Down . .....
E.-W ........ .. ..
S -\
Up- Down ......
E.-W .. .. .. . ... ..
S.-X .......... ... .

Up- Down . .- 
SE.-NW.. ... . . .. 
S\V.-.VE
x-s. ....... . .... .
E-W

NE.-SW
SE.-NW. ....... _. .

Up-Down. 
S. 40° W.-X. 40° E ... 
N. 50° W.-S. 50° E . 
Up-Down 
S. 40° W.-X. 40° E ... 
S. 50° E.-X. 50° W_... .

E.-W..... . .....
S.-N..... ...... ...
Up-Down ... . _._ 
E.-W.....
S.-X ........ . .....
Up-Down - . -
S.-N...... ......... .
W.-E.. ..... .... 
NE.-SW . . .
SE.-XW .... _. ..... ...

N.-S.. ..... .
E.-W.. ....... .

E.-W... .. ....
S.-N........ .._._.. . .
NW.-SE
NE.-SW
NE.-SW.
NW.-SE..

Pendu 
lum 

period

S(c. 
0.100
0.105
0.100
0. 100
0.099
0. 099
0. 101

0. 102

0. 099 
0. 099 
0.098 

10
10
0. 101
0.100
0.100

0. 100 
0.099 
0. 100 
0.099 
0.096 
0.098 
0.096
0.099
0. 100
0.096 
0.100
0.098
0.100
0.100
0. 101 
9.95
9.95 
0.102
0.100
0. 101
0.093
0.102
0.098

10
10
0.223
0.223

Static 
mag,ni- 
flcation

82
78
79
85.5
81.4
79.5
84.2

80.4

,,
80.0 
82.0 

1.14

81.0
83.6
79.5

109 
117 
109 
105 
114 
104 
104
106
111
106 
107
107
114
107
109 

1.14
1.14 

104
111
10(1
100
102
104

1.14
1.14
7.66
7.79

Sensi- 
tivity

Cm
2.12
2. 17
2.03
2.20
2.16
2.16
2.01
2.08
2.03

1.84 
2.01 
2.07

2.05
2.77
2.01

2.69 
2.90 
2.86 
2.66 
2.78 
2.63 
2.43
2.68
2.87
2.63 
2.65
2.60
2.83
2.J59
2.64

" 2~61

2.68
2.68
2.40
2.67
2.58

0.72
0.72

Damp 
ing 

ratio

15
11
10
10
12
10
10
9

10

9 
10 
10 
12
11
10
9

10

10 
10 
8 

10 
10 
9 
9
8

10
8 

10
10
11
11
11
25?
18? 
10
11
11
10
9

12
10
10.5
1.3
1.3

Instru 
ment 

number

V113
L93

T103
V115

L95
TlOft
VI 14

L94
T104

Vlll 
L91 

T101 
BIS
LI 5

V112
L92

T102

V25 
L3 
T18 
V28 
L9 
T26 
V70
L71
T72
V66 
L64
T65
V47
L37
T48 
R17
L17 
V67
L68
T69
V58
L59
T60
R16
L16
RIO
L10

WESTERN NEVADA EARTHQUAKE OF APRIL 14

Hawthorne, Xev., aceelerograph . Up-Down _. . 1 0.097
X.-S .. ..... _ ' 0.097
E.-W...................i 0.099

100
100
115

2.50
2.55
2. 86

11.5 
11.5 
9.5 !

V14 
L35 
T31

BOULDER DAM EARTHQUAKE OF APRIL 27

Intake tower aeeelerograph .. ....I Up-Down
NW.-SE . .. .

1 NE.-S\V__...,_.

0. 102 , 86
0. 100 88
0.102 I 79

EARTHQT.TAKE OFF NEWPORT BEACH, JULY 7

Santa Ana, Weed strong-motion ' SE.-NW. 
seismograph. XE.-SW

0.195 8.52

11.8
12.0

0. 70 I 1. 5
0. 105 I 8.41 ; 0.68 ! 1.5

LI 43 
T144

R12 
L12

Instruments at these stations are wired to start simultaneously.
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TABLE 3. Instrumental constants of strong-motion seismographs in 1937 Continued 

BOXJLDER DAM EARTHQUAKE OF NOVEMBER 11

Station and instrument

Boulder Dam, Nev.:

Orientation of instru 
ment

SE.-XW--- ............
SW.-XE-. ..............

XW.-SE. __-_-___-__-_-_
XE.-SW. ..............

Pendu 
lum 

period

Sec. 

0.102
0.104
0.103
0.101
0.100
0.101

Static 
magni 
fication

74

81
88
79

Sensi- 
tivity

Cm 

2.00

1.97
2.09
2.23
2. OS

Damp 
ing 

ratio

8.3
8.9
9.1
8.8

12.9
15.1

Instru 
ment 

number

V142
L140
T141
VI 45
L143
T144

IMPERIAL VALLEY EARTHQUAKE OF DECEMBER 15

x.-s ...................
E.-W. ..................

0.099
0.098
0.099

104
111
106

2.61
2.68
2.68

3 Instruments at these stations are wired to start simultaneously.

TABLE 4. List of strong-motion seismograph stations, 1937

10
8.5

11

V67 
Lt>» 
T69

Station and foundation Instrument Date of installation

NORTHERN CALIFORNIA

Berkeley: University of California: Solid rock ... 
Eureka: Federal Bldg.: Alluvium.---------. -...

Ferndale: City Hall: Alluvium.........._........
Oakland:

City Hall: Alluvium:
Sixteenth floor......--.-.---.-.-----. ...
Basement ___.._._.___ .. . ..............

Chabot Observatory: Solid rock.-..------ -_
Sacramento: Federal Bldg.: Alluvium....... ....
Salinas: County courthouse: Alluvium ..........
Sau Francisco:

Alexander Bldg.: Alluvium:
Sixteenth floor_...__-__..---------------
Eleventh floor..--------------------------
Basement..--._------------------------

450 Sutter: Rock:
Twenty-eighth floor -..-.-..-..-..........
Basement ...-..-..........----------.--..

Golden Gate Park: Rock......---------------
Shell Building: Rock:

Twenty-eighth floor..--.-------.-.-.-..--
Twenty-third floor -----------------------
Subbasement... _______._...---   ---------

Southern Pacific Bldg.: Alluvium and ma 
ground: 

Fourteenth floor..........................
Basement --..........--.-..--------------

Acceleroprapli .------.....--! Xovember 1932.
Accelerograph and displace- i May 1933.

ment-metrr. , 
Accelerograph............... Do.

...-.do....---------------.--- 1 Xovembei- 1934.

...--do... .....-----.-.-----.' June 1933.
Weed seismograph------ --- Do.
Accelcrogra ph............... Do.
.....do'.----------..--..---_ Do.

-do..------.-------------- Xovember 1934.
.do....--.---------. ......I October 1935.
-do--.-----------------.-J Xovember 1934.

State Bldg.: Sand and gravel.----------------
San Joso:

Bank of America Bldg.: Alluvium: 
Thirteenth floor---...--..-.------------
Basement....-   ----.-  -----------------

 Suisun Bay Bridge, S. P. R. R. bridge pier: Rock..

SOUTHERN CALIFORNIA

Bishop: Office Los Angeles Water Department: Al 
luvium.

Colton: Southern California Edison substation: 
Alluvium.

El Centre: Southern Sierras Power Co. substation: 
Alluvium.

See footnotes at end of table.

Weed seismograph-.-------. October 1933.
.----do...------....---- --..- Xovember 1934.
---.do.--.--.---.-.-.-------- December 1935.

.do....-...---....-------- 1 October 1933.

.do.---.---.-----------.-. May 1934.

.do.----....-...-.-.------ 1 October 1933.

Accelerograph.---- .-...---.. October 1934. 
Accelerograph and displace- ' December 1932.

ment-meter. 
.-...do. --------------------- April 1933.

Accelerograph-..---..-.-----1 September 1932.
.....do.------.--..----------] Do.
....-do   -----.--....---.-.  August 1932.

.do...........  ---------- June 1933.

Accelerograph and displace- ' January 1933.
ment-meter. j 

Accelerograph-------.-------! July 1932.
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TABLE 4. List of strong-motion seismograph stations, 1937 Continutd

Station and foundation Instrument Date of installation

SOUTHERN c\L1FORMA continued

Hollywood: Storage Co. Bldg.: Alluvium:
Acceleio^iaph............... June 1933.

------------- --...do........._.-_._......._ Do.
Adjoining Pacific Electric lot 2 . ----------..--__. ..... do..._.._____._.._.___._. December!.) i

Long Beach: Public Utilities Bldg.: Alluvium-.... J_.... do '.................... _j July 1932.
Los Angeles: ' 

Chamber of Commerce: Alluvium:
Eleventh floor.---------------------------.. .. -.do..- ._..........._..... November I9il
Basement .__._...___.__._______.___.__.____; Accelerograph and Weed | June 1933.

: seismograph. 3 ! 
Edison Bldg.: Hardpau or clay---..------------ | Accelerograph '-............. December 1934.
Subway Terminal: Hardpan or clay:

Thirteenth floor----..----.-..---------.-.-. _.. .do........-...._.... ..._ Do.
Subbasement ---.-.--....--.----.-----... . Accolerograph and displace- August 1932.

ment meter. 
Central Manufacturing District Warehouse at Accelerograph -------------- July 1932.

Vernon: Alluvium.
Pasadena: California Institut 0 of Technology: Allu- I Accelerograph, displacement May and June Hi!, 

vium. meter and Weed seismo 
graph, i 

Sail Beruardino: County courthouse: Alluvium .- ; Weed seismograph.......... | June 1933.
San Diego: Consolidated Gas and Electric Co.: Al- ! Accelerograph ............--! July 1932.

luvium. ' ' 
Santa Ana: County courthouse: Alluvium-........ i Weed seismograph _-...____ _.j June 1933.
Santa Barbara: County courthouse: Alluvium-.--.-! Aecelcrograph .....-..._... Do.
Westwood: University of California at Los Angrl-s: ! .. do.. -.--....._._. .... Do.

Alluvium.
MISCELLANEOUS ' j

Boulder Dam, Xev.: ' I
Intake tower: Solid rock.-.--..---- ....... _-__-,.._- do --...._-_.........--- ; May 1937.
1215 gallery: Solid rock............ ...---_--..-.|__._.do----__-....______- ... Do.
Oil house-.--.... ..._................._.-.......'.....do....--...--.---....--.. Do.

Bozt-man. Mont.: Montana State College: Alluvium L.-.-do............... ...... September HMi
and glacial drift. " ! 

Butte, Mont.: Montana School of Mines: Igneous L.-.-do---..-. ............._ Do
rock. I 

Hawthorne, Xev.: U. S. Naval Ammunition Depot: !_.._.do...-................... November 1936.
Alluvium. i i 

Helena, Mont.: Federal Bldg.: Rock... -- ._. -----i-....do....................... September 1930.'
Miraflores, C. Z., concrete locks: Tuff and alluvium. .!.....do....................... April 1935.
Missoula, Mont.: Montana State University: Sedi- '.....do....................... September 103f>.

mentary rock. ' |

1 In April and May 1937 the accelerograph was removed from Salinas to Lone Beach; the Long Beach 
instrument was transferred to the Edi'on Bldg., Los Angeles; the Edision Bldg. instrument was sent to 
Washington, D. C. The Salinas insirunient \\ as not replaced.

2 The instrument on the Pacific Electric Co. lot in Hollywood is in a separate small building several hun 
dred feet from the Hollywood Storage Co. Bldg., and should provide data which will be free from vibration-? 
set up by the building itself. It is connected with the two accelerographs in the Hollywood Storage Co. 
Bldg., making a set of three instruments in one locality operating under different conditions. They are 
connected electrically for simultaneous starting and time marking.

3 Weed seismograph erroneously reported removed in April 1930.
i Permanent installation replacing the accelerograph from San Francisco which had been temporarily 

installed in October 103.5.

DESCRIPTIONS OF STRONG-MOTION STATIONS

NOTE -Descriptions of the following stations will be found in Serial 579, "United States Earthquakes, 
1933"' Pasadena, California Institute of Technology; San Francisco, Southern Pacific Building, Santa Ana, 
Courthouse annex; Vernon, Central Manufacturing District Terminal Building. Descriptions of the 
following stations will be found in Serial 593, "United States Earthquakes, 1934": El Centro, Southern 
Sierra Power Co. station; Eureka, Federal Building; Ferudalfi, Town Hall; Hollywood, Hollywood Storage 
Co. Building; Los Angeles, Chamber of Commerce Building and Subway Terminal Building; San Diego, 
pas plant. A description of the station at Colton, Calif, in the Southern California Edison Co. substation 
bull-liner, will be found in Serial 010. "The United States Earthquakes, 1936."

BERKELEY, CALIF.

r.VIVEKblTY OF CALIFORNIA, HAVILAND HALL

Accderograph in subbasement

Haviland Hall, used by the Department of Education, is located on 
the University of California campus about 400 feet north of the 
university library and about 600 feet northwest of the Campanile 
tower. It also houses the principal instruments of the University of
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California seismological station, the coordinates of which are: latitude 
37°52'15" N., longitude 122°15'26" W., altitude 280 feet.

The building has three stories, basement and sub-basement and is 
72 by 173 feet, built of reinforced concrete. The foundation is solid 
rock (Franciscan chert and sandstone).

The rock underlying the University of California campus is sand 
stone and chert of the Franciscan series, the age of which is pre- 
Cretaceous, (possibly Jurassic). Abutting this, to the east of the 
Hayward rift, are upper Cretaceous and Tertiary sedimentaries and 
volcanics which constitute the Berkeley Hills in the form of a gentle 
syncline.

The cities of Berkeley and Oakland, together with San Francisco 
Bay, lie in a depressed block set off sharply from the higher-lying area 
on the northeast. Andrew Lawson, in U. S. G. S. Folio 193, applies 
the name "San Francisco-Marin Block" to the depressed area and 
' 'Berkeley Hills Block" to the elevated area. The Hayward rift 
zone forms the boundary between the two areas. The Berkeley 
Hills Block is from 1,000 to 1,500 feet higher than the San Francisco- 
Marin block.

According to Prof. J. P. Buwalda in an article entitled "Nature 
of the Late Movements on the Hayward Rift, Central California," in 
the Bulletin of the Seismological Society of America, volume 19, page 
187, the movement along the Hayward rift since the present Straw 
berry Creek, which flows across the University campus, cut its canyon 
to its present depth, has been on the order of several hundred feet 
horizontally, the lower block moving northwest relatively to the 
upper one. He states that its former bed has been moved to the 
present site of the circle in front of the Mines Building, and the 
creek was forced to cut a new channel. Some of the University build 
ings, including the Campanile, have their foundations in the Straw 
berry Creek gravels.

The accelerograph in Haviland Hall lies on the depressed block 
about 600 yards southwest of the Hayward rift.

An auxiliary time marker is connected to the chronometer of the 
University seismograph station. This device places on the accelero 
gram the same minute marks as are shown on the teleseismic records.

BOULDER DAM, NEV.

Three accelerographs were installed at Boulder Dam in April 1937 
by the Bureau of Reclamation with the cooperation of the Coast and 
Geodetic Survey. They are located in the Nevada intake tower, the 
oil house, and in the utilities gallery within the dam near its top. 
A description of the geology will follow the station descriptions.

Intake tower The accelerograph is located in the downstream 
Nevada intake tower. The tower is upstream 143.39 feet from the 
axis of the dam, measuring along the center line of the bridge joining 
the tower and the dam. The towers are 92 feet in diameter at the 
base (elevation 894.0 feet) and about 66 feet in diameter at the level 
of the top of the dam (elevation 1,232 feet). Above this level, a 
circular machinery building 48 feet in diameter has been constructed. 
The top of the lantern housing on this building is at elevation 1,289.

The accelerograph is in a room located between the fins of the intake 
tower, on the east or river side. The base of the instrument is at 
elevation 1,226.75 feet. It is bolted to a concrete shelf with its longi-
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tudinal axis running north 45°52' west. The recorder is at the 
northwest end.

Oil house. The accelerograph is located in a room situated on the 
eastern side of the oil house in the Boulder Dam switch yard, about 
1,800 feet northwest of the center of the dam.

The oil house is a one-story reinforced-concrete building 47' x 50'6". 
The roof is practically flat at elevation 1,424 and the north end of the 
roof is level with the surrounding ground. On top of the roof is a 
large group of interconnected high-tension towers. These look almost 
like a steel framework and extend up about 100 feet above the roof.

The inside of the seismograph room is 6' x 7'6" and the elevation 
of the floor is 1,408. Half of the floor has been built up to elevation 
1,410.5 feet and the accelerograph rests on this raised portion. The 
floor is really the top of a concrete pier that is separated from the 
walls of the building by a 4-inch air space. The pier extends down 
to solid rock at about elevation 1,395, or about 13 feet below floor 
level. The instrument is bolted to the pier with its longitudinal axis 
running north 45° west. The recorder is at the northwest end.

1215 gallery. Boulder Dam is a concrete monolith on a bed-rock 
foundation. It is curved in plan and carries a road on top. A ver 
tical section at right angles to the center line of the road is approxi 
mately a trapezoid, about 47 feet wide at the top and 660 feet wide 
at the bottom. The elevation of the road is 1,232 feet; the bottom 
of the dam is at elevation 505. Tunnels or "galleries" at several 
levels are built into the dam for inspection and other purposes.

The accelerograph is at the center of the dam in a recess chamber 
off the utility gallery at elevation 1,215. The recess is 3' x 6' and is 
near the downstream face of the dam. The floor of the recess is at 
elevation 1,210.09. The bearing of the longitudinal axis of the 
instrument is south 44°52' east. The recorder is at the southeast 
end. The three accelerographs at Boulder Dam are interconnected 
for simultaneous starting from any instrument and for simultaneous 
time marks from the master clock in the 1215 gallery.

Rock formations of the Boulder Dam area include (1) pre-Cambrian 
granitic and metamorphic rocks corresponding to the Vishnu schist 
of the Grand Canyon; (2) strata that may represent part of the late 
pre-Cambrian Grand Canyon series, but possibly are much younger;
(3) Paleozoic strata, ranging in age from Cambrian to Permian;
(4) large volumes of extrusive and intrusive prophyries and related 
rocks, of unknown age, but probably Tertiary; (5) a thick section of 
basin deposits, probably of Pliocene age, consisting of coarse breccias, 
siltstones, clays, gypsum, salt, and limestone, with great quantities 
of basalt and other volcanic rocks; (6) weakly cemented river gravel, 
sand, and silt, which give the earliest record of the Colorado River;
(7) extensive remnants of sand, silt, and clay, with an aggregate 
thickness of several hundred feet, which record rapid aggradation 
after the river had cut its valley nearly to its present form and depth ;
(8) gravel in numerous terraces and in the present channels of the 
Colorado and its tributaries.

No faults are reported in the immediate vicinity of the dam. The 
Callville fault begins about 2% miles north of the dam, and runs 
northeast. A branch of this fault begins about 3 miles east of the 
dam and runs north to meet the other branch about 8 miles north- 
northeast of the dam. Boulder Canyon, beginning about 10 miles
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northeast of the dam, is quite generally faulted with the faults run 
ning north and south. As stated before, no faults are reported in 
the immediate vicinity or immediately south of the dam. In this 
latter area, the failure to note definite faults does not necessarily 
mean that they are absent, but probably represents lack of definite 
information for the area.

HAWTHORNE, NEV.

U. S. NAVAL AMMUNITION DEPOT

Acctleroyraph in smalt arms building

The accelerograpli is located in the northeast corner of the small 
arms building (officially called Ordnance Surveillance Test House 
No. 12) which is situated in the south central part of the United States 
naval ammunition depot near Hawthorne, Nev. The depot is about 
2 miles northwest of the town of Hawthorne and west of the southern 
end of Walker Lake. Its geographical position is: latitude 38°33 / 
N., longitude 118°38' W.

The small arms building is a one-story reinforced concrete structure. 
The instrument is located in a room about 13 feet square, at the north 
east corner of the building. The pier rests directly on the concrete 
floor and directly over a 12-inch reinforced concrete beam.

The depot is situated upon alluvium which was once covered by the 
waters of an ancient lake, known as Lake Lahontan. The old lake, 
of which Walker Lake is a remnant, occupied much of western Nevada 
during a past period of higher humidity than now exists in the Great 
Basin. At its highest level it reached an elevation of about 4,400 feet, 
or about 350 feet above the present surface of Walker Lake. The 
alluvium is several hundred feet deep at the depot, the exact depth 
not being known. The depot is at an elevation of 4,300 feet, and is 
1% miles east of the east front of the Wasek Mountains or Walker 
Range. The prominent peak of this range is Mount Grant, which 
rises 11,300 feet above sea level and is about 5 miles west-northwest of 
the depot. Along the base of this range is a basin range fault in the 
alluvial fans at the base of the escarpment. One of these recent faults 
is about 1% miles west of the station and another is about 2 miles 
northwest. The earthquake of December 20, 1932 (known as the 
Mina earthquake), had an epicenter about 40 miles to the east. The 
earthquake of January 30, 1934, in the Excelsior Mountains had an 
epicenter about 25 miles southeast of the station.

The depth to the water table at the depot is not known. At the 
Hawthorne Depot, about \% miles southeast, the water table is 
between 40 and 50 feet below the surface.

The instrument was installed November 21, 1936.

SAN BERNARDINO, CALIF.

COUKT HOUSE

Weed strong-motion seismograph in basement

The courthouse is a four-story reinforced concrete building, 86 by 
320 feet in size. The instrument is in the basement, on the floor cf the 
transformer vault, a few feet lower than the natural ground surface.

The material immediately beneath the station is soft alluvium many
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hundred feet thick, exact thickness unknown. It is rather coarse, 
consisting of sand and gravel, and rests on a rough or undulating 
granite surface. The water table is usually some tens of feet below the 
surface, but less than 100 feet.

The instrument was installed in June 1933.

SAN FRANCI6CO, CALIF.

ALEXANDER BUILDING

Accelerographs in basement, on eletenfh floor, nn- on roof

The Alexander Building is at the southwest corner of Bush and 
Montgomery Streets. It is a rectangular 15-story building, 60 by 68 
feet in plan, and independent on three sides. The frame is steel, with 
concrete and brick fireproofing. The foundation is on spread footings 
on sandy clay. See the following description of the State Building 
for regional geology.

The basement accelerograph is on a pier in a storeroom at the rear 
of the boiler room near the southwest corner of the building. Instal 
lation was made November 8, 1934. The eleventh-floor instrument 
is in a cabinet in room 1112 next to the elevator shaft. This accelero 
graph wras installed October 17, 1935. The accelerograph on the roof 
is in a cabinet on the stair landing near the center of the north side of 
the building. This instrument was installed November 8, 1934. 
The three instruments are wired for simultaneous starting and 
synchronous time marks.

The material beneath the Alexander Building, as judged from adja 
cent borings, is sand and sandy clay. The bedrock, presumably of the 
Franciscan series, lies at a depth of about 150 feet.

SAX FRANCISCO, CALIF.

STATE BUILDING

Accelerograph in bvrement

The State Building occupies the block bounded by McAllister, 
Larkin, Redwood, and Polk Streets. It has six stories and basement, 
constructed of reinforced concrete, and is 110 by 735 feet. The con 
crete footings rest on unconsolidated sand. The depth of the footings 
vary from 5 to 8 feet below the basement floor, the average being about 
6 feet. The altitude of the finished basement floor is 45 feet 3 inches.

The material underlying the building is unconsolidated sand and 
gravel. According to the engineer of the building who was present 
at the time of construction of the northeast wing, the foundation of 
that wing was built upon an old stream course which ran southeast 
across the northeast corner of the present building. Cherts and sand 
stones of the Franciscan series outcrop a few hundred yards north of 
the building.

The accelerograph is located in a room in the basement. It was 
installed April 26, 1933.

The earthquake geology of the San Francisco peninsula is described 
by Dr. H. O. Wood in Bulletin VI of the National Research Council, 
"Physics of the Earth" series, and the general geology by Andrew 
Lawson in Geologic Folio 193, United States Geological Survey. The 
bulk of the bedrock belongs to the Franciscan series assigned to the
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Jurassic period. The series contain cherts interbedded with sand 
stones and intruded by serpentines. The strip of land traversed by 
lower Market Street and including the Southern Pacific Building is 
largely man-made fill. In the early days the bay extended to the 
foot of Montgomery Street which includes the present site of the Shell 
Building.

TILT OBSERVATIONS

The following quotation on tilt observations during 1937 is taken 
from the annual progress report of F. P. Ulrich, in charge of the 
Bureau's Seismological Field Survey with headquarters in San 
Francisco:

Three tiltmeters have been kept in operation at the University of California 
during the entire year. Tiltmeter No. 2 has been discontinued because of the 
irregular tilts produced by rainfall and apparently by underground water flow. 
These irregular tilts necessitated frequent adjustments of the instrument and. 
were so large that they obscured the regular ground tilt. The automatic tilt 
recorder was kept in continuous operation, with the exception of a few short 
breaks, and hourly tilt values were obtained on tiltmeter No. 3 during the entire 
year.

Figure 18 shows the tiltgrams for 1937 and in addition the daily high and low 
tides and the daily mean temperature. The curves for tides and temperature 
were included this year to see if any relation existed between them and the tilt- 
grams. It hardly seems possible that any effect is produced by the tides, but 
there does seem to be some relation between the earth tilt and temperature. 
Tiltmeter No. 3 has given an excellent record since July 1, 1935, when a gravity 
drain was installed in the tiltmeter pit. The record of this instrument shows a 
definite annual tilt cycle with a maximum tilt to the north during the first part of 
July and a maximum east tilt near the middle of September. The temperature 
curve for 1937 shows that this period July to September represents a uniform high 
temperature for the year. No suitable explanation has been found for the two- 
months difference between these maximum tilts.

ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1935. Serial No. 600, "United States Earthquakes, 1935," page 65. 
In illustration of basement accelerograph record, Los Angeles 
Chamber of Commerce, change S50E to N50W.

1936. Serial No. 610, "United States Earthquakes, 1936," page 9.
At end of eighth line change hyphen to "s." 

1936. Serial No. 610, "United States Earthquakes, 1936," pages 34
and 37. Interchange the titles of figures 7 and 8.
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UNITED STATES EARTHQUAKES, 1938

INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 
1938. The history of the more important shocks of the country 
appears in a two-volume publication of the Bureau, Serial 609, 
entitled "Earthquake History of the United States. Part I: Con 
tinental United States (Exclusive of California and Western Nevada) 
and Alaska," and "Earthquake History of the United States. Part 
II: California and Western Nevada." They are revised editions of 
Special Publications 149 and 191 which are now obsolete.

The history of minor activity is covered largely in a series of refer 
ences listed in Serial 609, in recent reports of the United States Coast 
and Geodetic Survey, and in a recent bulletin of the Seismological 
Society of America. 1 The last two references give very detailed 
information for all California earthquakes. The last one contains 
all of the information appearing in the early catalogs published by the 
Smithsonian Institution.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the local seismological institutions indicated in the lists of earth 
quakes for those regions. Earthquakes adjacent to the United 
States and felt within its borders are described only in a general way 
when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these publica 
tions may be as complete as possible in the more important details of 
earthquakes and in references, it is desired that investigators cooperate 
to the fullest extent, as such cooperation will be to the mutual advan 
tage of everyone concerned. The Bureau is willing to furnish in 
vestigators all information at its disposal, consisting principally of 
seismographic records and postcard questionnaires obtained in many 
instances through special canvassing of affected areas. In return 
it is requested that advance notices be furnished of results obtained 
so that abstracts and references may be inserted in these reports. 
An advance notice of a planned investigation might save considerable 
overlapping of effort and would give wider publicity to the work of 
the investigator.

Sources of information. The nonmstrumental information has been 
furnished by a large number of individuals and organizations whose 
voluntary cooperation has made it possible to prepare descriptions 
of the earthquakes of this country with a completeness and accuracy 
never before attained. Lack of space prohibits giving individual

i Descriptive Catalog of Earthquakes of the Pacific Coast of the United States, 1769 to 1928. S. D. 
Townley and M. W. Alien, Bulletin of the Seismological Society of America, Vol. 29, No. 1, January 1939.
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credit to all of the cooperators. The principal sources of information 
are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The Seismological Field Survey of the Bureau at San Francisco, cooperating 

with the Seismological Laboratory of the California Institute of Technology, 
the Seismological Station of the University of California, and Stanford University. 
Among the commercial agencies on the West Coast rendering valuable services 
are telephone, power, oil, railroad, and, especially, insurance companies. Certain 
concerns interested in the earthquake-resistant qualities of their products are 
also active, together with various organizations of structural engineers and 
architects.

More recently the information service has been placed on a more efficient basis 
through the appointment of official collaborators, usually associated with local 
universities.

Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seismological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its Seismological Field Survey at San Francisco, 
canvasses areas affected by shocks of unusual intensity, unless such 
work is undertaken by other organizations such as the Jesuit Seismo 
logical Association or by State and other interested geologists. In 
this way the extent and the maximum intensities of all heavy shocks 
are determined and the data are usually sufficient to construct isoseis- 
mal maps or, at least, maps of the affected areas. The Seismological 
Station of the University of California, Berkeley, (Perry Byerly in 
charge) and the Seismological Laboratory of the California Institute 
of Technology, at Pasadena, cooperate actively in the canvassing 
program of the Seismological Field Survey at San Francisco.

Note on the regional earthquake lists. The destructive features of 
all shocks are enumerated in the abstracts, but otherwise the descrip 
tive matter is reduced to a minimum. The original reports are open 
for inspection by anyone interested in unpublished details. More 
detailed descriptions of earthquakes on the West Coast will be found 
in the mimeographed reports available at the San Francisco Field 
Station of the Bureau.

Beginning with the 1931 number of this series, Serial 553, the 
Coast and Geodetic Survey has used and will continue to use the 
modified Mercalli intensity scale of 1931, in place of the Rossi-Forel 
scale, to designate the intensity of earthquake activity. All intensity 
numbers therefore refer to the new scale unless otherwise designated. 
The reasons for this change are set forth in an article entitled "Modi 
fied Mercalli Intensity Scale of 1931," by Harry O. Wood and Frank 
Neumann, in the December 1931 number of the Bulletin of the 
Seismological Society of America, volume 21, No. 4. This article 
contains the original unabridged scale and also an abridged scale. 
The latter is given here, together with equivalent intensities according 
to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931 

(ABRIDGED)

I. Not felt except by a very few under especially favorable circumstances.
(I Rossi-Forel scale.)

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale.)
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III. Felt quite noticeably indoors, especially on upper floors of buildings, 
but many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. Vibration like passing of truck. Duration 
estimated. (Ill Rossi-Forel scale.)

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed; walls make creaking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale.)

V. Felt by nearly everyone; many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale.)

VI. Felt by all; many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale.)

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motor cars. (VIII  Rossi-Forel 
scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VIII+ to IX  Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX + Rossi-Forel scale.)

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X 
Rossi-Forel scale.)

XI. Few, if any (masonry), structures remain standing. Bridges destroyed.
Broad fissures in ground. Underground pipe lines completely out of
service. Earth slumps and land slips in soft ground. Rails bent greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumental 
report and is reliable. In other instances quite large deviations are 
frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States nor are minor after 
shocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the Seismological 
Station of the University of California under the direction of Prof. 
Perry Byerly or the Seismological Laboratory of the California Insti 
tute of Technology, at Pasadena. The bulletins of these institutions 
should be consulted for further details and often for data on additional 
shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used.
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Within the United States the same regional arrangement has been 
followed as in Serial 609 previously mentioned.

Special report. Attention is invited to a special quarterly report 
issued by the Bureau's Seismological Field Survey, with headquarters 
at San Francisco, entitled "Abstracts of Earthquake Reports for the 
Pacific Coast and the Western Mountain Region." The reports are 
in mimeographed form and tabulate in unabridged style all informa 
tion contained in noninstrumental reports collected in the region 
indicated.

INSTRUMENTAL RESULTS

Teleseismic results. On page 34 is a list of Bureau and cooperating 
teleseismic stations for which the Bureau publishes results. The list 
of epicenters which follows the station list is for the year 1937 thus 
filling the void in the preceding publication of this series, Serial 619. 
It is expected that the list for 1938 will appear in the 1939 publication. 
Immediate epicenter determinations are frequently made through the 
cooperation of Science Service, the Jesuit Seismological Association, 
the Coast and Geodetic Survey, and individual stations and the results 
broadcast without delay to Europe and points in the Pacific. Postal 
card reports are also issued.

Strong-motion results. The introductory remarks in the chapter on 
"this subject explain in detail the purpose of the work, which is pri 
marily to furnish engineers exact information concerning ground 
movements in the central regions of strong earthquakes. The instru 
mental equipment is essentially different in type from teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a strong 
earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of Seismological research being carried out on the Pacific coast 
between the Bureau and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Bureau's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-35."

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication.

NONINSTRUMENTAL RESULTS
EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: Slight shock at Yuma on June 5.
Arkansas: Intensity IV earthquake originating in northeastern section on 

September 17 felt in adjoining states. Light shocks felt in the middle south 
western part on April 25 and in the northeast corner on June 17.

California: There were no earthquakes of outstending importance during the 
year. Intensity VI shocks occurred on February 12, May 31, August 30, Septem-
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her 11, and December 3 as shown in figure 7. Many localized shocks, some ap 
proaching intensity VI, occurred in the Imperial Valley on April 12 and June 5. 
There were the usual number of minor shocks, the locations of the more pro 
nounced ones being shown in figure 2.

Connecticut: Slight local shocks in southwestern part on June 13, 14, and in 
southeastern section on September 20.

Idaho: A small area in the central section was sharply shaken on July 27.
Indiana: Moderately widespread but weak shock along shore of Lake Michigan 

on February 12.
Maine: Moderate shock affected Bangor area on August 22.
Michigan: Slight local shock in Detroit on March 13.
Missouri: Local shock in eastern central part on January 16. The Arkansas 

earthquake of September 17 was felt over the southern part of the State.
Montana: At Helena the steady series of aftershocks of the 1935 earthquake 

was punctuated by somewhat stronger shocks on January 21, April 24, and 
December 28. In the Manhattan-Three Forks area, moderately strong shocks 
occurred on January 10, June 13 (2 shocks), 15, and December 31. Slight ones 
occurred on July 30 and November 12. Slight shocks occurred elsewhere in 
western Montana on August 23, September 11, December 23.

Nebraska: Slight shock in northwest corner on March 24.
Nevada: More than 50 shocks were felt in the Lake Meade area, moderately 

strong shocks occurring on June 2, July 6, September 30, October 22, and Novem 
ber 10.

New Hampshire: Slight local shocks on April 1 and 3.
New Jersey: Widespread shock, V, on August 22.
New Mexico: Slight shocks occurred in the Albuquerque area on March 22, 

April 15, and 16. On September 17 and 18 intensity VI to VII shocks occurred 
near the southern part of the Arizona boundary. There were strong aftershocks 
on October 3, November 2, 26, and December 28.

New York: Slight shock in northeastern part on May 4; another felt on both 
sides of St. Lawrence River on November 18; and two more in the lower Hudson 
River region on July 29 and August 2.

North Carolina: Moderate shock near Tennessee border on March 31.
Oregon: A sharp shock occurred on the coast near Coos Bay on May 28. A 

slight shock on July 22 at the mouth of the Columbia River was felt in Astoria 
and in the State of Washington.

Pennsylvania: Sharp local shock in southern central part on July 15.
South Carolina : Slight shock near Charleston on August 4.
South Dakota: Moderate and rather widespread shocks in eastern and south 

eastern portions on January 2, October 1, 11, and November 4.
Tennessee: Moderate shock originating in North Carolina felt near eastern 

border on March 31.
Utah : Intensity V shock in Salt Lake City area on June 30 with light aftershock 

the following day. Further south a slight shock occurred on March 18.
Vermont: Slight local shock on April 12.
Washington: Sharp shock in the Puget sound area on January 6 and a lighter 

one on April 29. Slight shocks in the southwest section on January 3 and July 22 
and in the Walla Walla area on May 9, 24, August 11, and October 27.

Wyoming: Light shocks in the southeast central part on February 5 and August 
27 and slight shocks near the western border on November 29, 30, and December 
1,4.

Alaska: Many aftershocks were felt in the Fairbanks region following the 
intensity VIII earthquake of July 22, 1937, but none were of outstanding impor 
tance. In addition to normal minor activity a major submarine shock occurred 
on November 10 south of the Alaska Peninsula, generating a tidal wave which 
was recorded at many Pacific Ocean ports.

Hawaiian Islands: In addition to the usual activity on the Island of Hawaii, 
one of the strongest earthquakes in the history of the Islands occurred on January 
22. Although of submarine origin, there was no marked tidal disturbance.

Philippine Islands: The strongest disturbance on August 29 reached intensity 
VIII in places. Other activity was of minor character.

Puerto Rico: Only one slight shock reported for the entire year.
Panama Canal Zone: There was only minor activity.
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NORTHEASTERN REGION

[75TH MERIDIAN OR EASTERN STANDARD TIME]

NOTE. In recent years a number of high-grade seismographs designed especially for recording local earth 
quakes have been installed in the Northeastern region greatly enhancing our knowledge of prevailing seismic 
activity and the accurate location of seismic foci. The bulletins of all seismographic stations in the region 
should therefore be consulted for additional information. "NESA" refers to the Northeastern Seismo- 
logical Association having headquarters at Weston, Mass.

April 1: 17:15. Rochester, N. H., III.
April 3:  : . Rochester, N. H. A sharp earth movement accompanied by 

an explosive noise shook houses in Rochester and nearby communities.
April 12: 20: . Manchester, Vt. Slight shock.
May 4: 19:35. Malone, N. Y. Moderate shock.
June 13: 23:02. Bethel, Conn. Slight shock.
June 14: 14:30. Bethel, Conn. Very slight shock.
June 23: 22: 58.* Chelmsford, Mass. Epicenter 71°25' north, 42°37' west 

according to Weston College Seismological Observatory. Maximum intensity 
about IV. Area affected, about 60 square miles. See "The Chelmsford, Massa 
chusetts, Earthquake of June 23, 1938" by Daniel Linehan, S. J., in the April 
1940 number of the Bulletin of the Seismological Society of America.

July 29: 2:44. Upper Manhattan Island and the Bronx, N. Y. Sharp shock 
felt in parts of Westchester County and the Palisades section of New Jersey. 
Epicenter probably 30 miles north of New York City according to Fordham 
University report.

August 2: 5:02.* Southwest Connecticut and Westchester County, N. Y. 
Epicenter 41°05' north, 73°42' west, according to NESA bulletin. A shock of 
maximum intensity III to IV was felt from Bethel to Stamford, Connecticut, and 
in Westchester County, N. Y.

August 22: 7:48.* Bangor, Maine, and vicinity. Epicenter about 9 miles 
southwest of Bangor and about 5 miles west of Orrington, according to NESA 
bulletin. Maximum intensity IV to V in the region around Bangor. Area 
affected, about 3,500 square miles in eastern and southern Maine. The shock was 
not felt at any coast towns.

Intensity IV to V at Amherst, Bangor, Bucksport, Ellsworth, Hampden, and 
Hermon Pond. At Bangor loose objects were displaced and some windows broken. 
Loose objects were also displaced at Bucksport, Maine. At all of the places 
named the earthquake was felt by practically everyone. Some places reported 
rumbling sounds.

Also felt at Bar Harbor, Belfast, Costigan, East Newport, Madison, Old Town, 
Passadumkeag, and Waterville. Not felt at Augusta, Harrington, Lake View, 
Lewiston, Machais, Rockland, Skowhegan, and Wiscasset.

September 20:  : . Connecticut. Tremors reported from Mystic, Moodus, 
and Norwich. An earthquake reported felt in the south central part of Hartford 
on September 21 was probably same shock but with error in date.

November 18: 17:19.* Northern New York and St. Lawrence River. Epicen 
ter about 44°45' north, 75° 15' west, according to NESA bulletin. Moderate 
shock felt at Ogdensburg and Canton. In Canada it was felt from Brockville to 
Cornwall, Ontario.

EASTERN REGION

[75TH MERIDIAN OR EASTERN STANDARD TIME]

March 31: 5:10. North Carolina-Tennessee boundary. A shock of intensity 
III to IV was felt over an area extending from Knoxville, Tennessee, to Asheville 
and Murphy, North Carolina.

July 15: 17:45. Southern Blair County, Pa. A shock of intensity V affected 
about 100 square miles of territory in the region of Clover Creek just west of the 
foot of the Tussey Mountains. An investigation in the field was made by Dr. H. 
Landsberg of the Pennsylvania State College. His report on the earthquake is 
published in the October 1938 number of the Bulletin of the Seismological Society 
of America. The descriptive material which follows is abstracted from that 
report. The macroseismic epicenter was in Clover Creek Valley about 1 mile 
south of Beavertown at 40°22' north, 78°14' west. Fallen objects were reported 
from Beavertown, Clover Creek Valley, and Martinsburg. At Henrietta a few 
dishes were broken. Wells were also affected in Clover Creek Valley. Reports 
were obtained from a total of 23 places.
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76°

August 4: 19:14. Near Charleston, S. C. Light shock felt at Isle of Palms, 
a beach resort near Charleston, S. C.

August 22: 22:36* Central New Jersey. Epicenter 40°08' north, 74°32'
west, about 15 miles southeast of 
Trenton. Maximum intensity about 
V. Area affected, slightly less than 
5,000 square miles. See map.

The shock had its origin in the west 
ern corner of Monmouth County ac 
cording to an analysis of instrumental 
data obtained at the Franklin Insti 
tute, Philadelphia, and Fordham 
University, New York, and this loca 
tion was verified by a canvas of the 
affected area. Superficial damage oc 
curred in only a few instances. An 
unusual feature of the disturbance was 
the breaking of a window in a house 
in Patterson, Putnam County, N. Y., 
110 miles from the center of the dis 
turbance and far outside of the affected

76

area.Figure 3. Area affected by the central New Jersey » SPf.nn H stmntr shnot nooiirrpH in earthquake of August 22,1938. A second strong snocK occurred in
the same area at 4:04 on July 23, and a

weaker shock at 8:11. Minor shocks occurred on the 23d at 2:10, 2:20, and 
4:05. A strong aftershock occurred on August 27 at 19:36.

Intensity V: In New Jersey, at Barrington, Clarksburg, Freehold, Gloucester 
City, Haddonfield, Hightstown, Lakewood, New Egypt, Pitman, Roebling, South

76° 75° 74"

76° 75°

Figure 4. Isoeeismal map of the central New Jserey earthFnake of August 22,1938, on enlarged scale.
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River, Whiting, and Yardville. At Clarksburg and Hightstown the movement 
was noticed by persons riding in automobiles. At Gloucester City and Hights 
town some glassware was broken. At Pittman some furniture was displaced. 
At a number of places rumbling subterranean sounds were heard.

Intensity V: In Pennsylvania, at Ardmore, Darby, Jenkintown, MorrisviJle, 
Philadelphia, Upper Darby. At Ardmore some glassware and a few windows 
were broken. At Darby, Morrisville, and Philadelphia loose objects moved.

Intensity IV: In New Jersey, at Asbury Park, Bernardsville, Bordentown, 
Camden, Clementon, Creamridge, Long Branch, Magnolia, Maple Shade, Mount 
Holly, Pennington, Trenton, Wenonah, Windsor, and Woodbury.

Intensity IV: In Pennsylvania, at Bristol, Bryn Mawr, Fallsington, and 
Glenside.

Intensity III and under: In New Jersey, at Ashland, Atco, Barnegat, Bound 
Brook, Chatsworth, Dover, Englishtown, Glassboro, HopewelJ, Lambertville, 
Moorestown, Morristown, Paulsboro, Penns Grove, Salem, Princeton Junction, 
Swedesboro, and Williamstown.

Intensity III and under: In Pennsylvania, at Allentown, Doylestown, Down- 
ingtown, Phoenixville, Eastpn, and Lansdale. In Delaware at Delaware City, 
Claymont, Newport, and Wilmington.

Not felt in New Jersey at Absecon, Atlantic City, Bridgeton, Cape May City, 
Clayton, Clinton, Egg Harbor City, Flemington, Frenchtown, Hackettstown, 
Hammonton, High Bridge, Mays Landing, Mendham, Milford, Millville, Mino- 
tola, Morristown, Newport, Newton, Paterson, Pleasantville, Port Norris, Raritan, 
Richland, Sandy Hook, Vineland, Washington, and Wildwood.

Not felt in Pennsylvania at Bloomsburg, Bethlehem, Carlisle, Coatesville, 
Emaus, Harrisburg, Honesdale, Lancaster, Lebanon, Lewistown, Nanticoke, 
Northampton, Plumsteadville, Quakertown, Reading, Scranton, Shamokin, 
Shenandoah, Sunbury, Tunkhannock, Wilkes-Barre, and York.

Not felt in Delaware at Bridgeville, Dover, Georgetown, Harrington, Lewes, 
Middletown, Milford, Milton, Newark, New Castle, Port Penn, and Smyrna.

Not felt at places canvassed in New York, Connecticut, and Maryland except 
at Patterson, New York as stated in the beginning of this report.

CENTRAL REGION

[90TH MERIDIAN OR CENTRAL STANDARD TIME]

January 2: 11:05. South Dakota, east central part, moderate shock felt in 
Beadle, Clark, and Spink Counties. Maximum intensity IV.

January 16: 22:18. Perryville, Mo. Slight shock felt at St. Mary's Seminary.
February 12: 0:27.* South shore of Lake Michigan. Felt in Indiana at 

points 30 miles south and southeast of the Lake. Maximum intensity about IV. 
Felt in Illinois at Chicago, Beverly Hills, and Washington Park; in Indiana at 
Chesterton, Dune Park, Gary, Knox, Shelby, South Bend, and Valparaiso; and 
in Michigan at Kalamazoo and Paw Paw. Recorded faintly on seismographs in 
Chicago.

March 13: Morning. Detroit, Mich. Slight shock.
March 24: 7:11. Nebraska, northwest corner. Slight shock felt at Fort 

Robinson, Chadron, and Harrison. A "finger butte" near Fort Robinson col 
lapsed from the shock.

April 25: 23:42.* Arkansas, southwest of Little Rock. Epicenter just outside 
of Fendley and due west of Lenox according to the Geophysics Department of St. 
Louis University. Felt slightly at Point Cedar, Fendley, Amity, and Alpine.

June 17:  : . Northeastern Arkansas. Slight shock felt at Luxora and 
Burdette.

September 17: 9:34.* Northeastern Arkansas. Epicenter 35°28' north, 
90°20' west, about 32 miles southwest of Jonesboro, Ark., and about 29 miles 
northwest of Memphis, Tenn., according to Geophysics Department of St. Louis 
University. Maximum intensity IV. Area affected approximately 90,000 square 
miles, comprising almost the whole of Arkansas, much of Tennessee, Mississippi, 
and Missouri, and parts of Kentucky, Illinois, and Oklahoma.

A special investigation of this earthquake was made by the Geophysics Depart 
ment of St. Louis University, and a complete report on it appears in the July 1939 
number of the Bulletin of the Seismological Society of America under the title 
"The Arkansas earthquake of September 17, 1938," by Edward J. Walter. The 
map in this publication is reproduced from the map appearing in the article just 
quoted.

The main shock was accompanied by a foreshock and aftershock.
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0 Danville

ARK A\N
Little Rock 

o Mena

Hot Springs

90°

Figure 5. Area affected by the Arkansas earthquake of September 17, 1938, based on a report by the 
Geophysics Department of St. Louis University.

October 1: 16:15. Southeastern section of South Dakota. Moderate shock 
was felt in Buffalo, Jerauld, Brule and Aurora Counties. The maximum intensity 
did not exceed IV.

October 11: 3:37. Sioux Falls, near eastern border of South Dakota. Maxi 
mum intensity approached V in the Sioux Falls area. Total area affected about 
3,000 square miles. In Sioux Falls buildings were jarred, beds shook, dishes 
rattled, and pictures and other loose objects swayed. A rumbling subterranean 
noise came as a climax of the disturbance. The recording pens on water and 
electric meters at the municipal water works were jarred. The Sioux Falls police 
received more than 50 calls from anxious residents.

Intensity IV in South Dakota at Humboldt, Madison, Parker, Spencer, and 
Yankton; and in Minnesota at Hills.

Intensity III and under: In South Dakota at Canton, Centerville, Eagan, 
Hudson, Lennox, Salem, Sherman, and Vermillion. Not felt in South Dakota at 
Beresford, Brookings, Howard, Mitchell, Olidet; and in Minnesota at Luverne, 
Pipestone, and Worthington; in Iowa at Lester, Rock Rapids, Rock Valley, and 
Sheldon.

November 4: 16:10. South Dakota, slight shock felt at Academy, Lake 
Andes, Burke, Colome, Dallas, Gregory, and Platte; and in Nebraska at Butte, 
Bristow, and Spencer.

WESTERN MOUNTAIN REGION

[105TH MERIDIAN OE MOUNTAIN STANDARD TIME]

NOTE. Only the more important of the aftershocks of the Helena, Mont., earthquakes of October 1935 
are listed. Complete lists of the reports received are available in mimeographed form from the Director 
of the United States Coast and Geodetic Survey, Washington, D. C., and from W. E. Maughan, in charge 
of the local office of the United States Weather Bureau at Helena, who compiled the data.

Only the more important shocks felt at Boulder Dam are listed. The unabridged list is published in 
"Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain Region."

January 10: 16:19. Manhattan, Mont. Moderately strong shock felt by 
many. Objects swung east to west. Some residents frightened. 

January 21: 12:53. Helena, Mont. Moderate shock.
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February 5: 9:00. Medicine Bow, Wyo. Slight shock.
March 18: Evening. Thistle, Utah. Slight shpck. Felt within radius of 

15 miles of Thistle.
March 22: 23:00. Los Lunas, N. Mex. Slight shock.
April 15: 14:00. Albuquerque, N. Mex. Slight shock.
April 16: 1:15. Albuquerque, N. Mex. Slight shock.
April 24: 11:23. Helena, Mont. Moderately strong shock, intensity IV, 

displaced a few light objects and dislodged merchandise in one store. Many 
persons reported hearing loud rumbling. The motion was bumping and jolting.

June 2: 21:28.* Boulder City, Nev. A moderate shock set off the accelero- 
graph at Boulder Dam which was set to start with very slight motion. Felt by 
several at Boulder City and Boulder Dam.

June 5: 19:30. Yuma, Ariz. Very light shock.
June 13: 4:30. Manhattan, Mont., region. Strongest at Trident. At 

Logan many residents were awakened. Hanging objects swung and small objects, 
pictures, and dishes were displaced. At Manhattan a few residents were 
awakened. At Three Forks hanging objects swung north and south and many 
residents were awakened and frightened. At Trident plaster was cracked slightly 
in several homes. Many residents were awakened and frightened. Chandeliers 
swayed, bottles fell from shelves, pictures and many small objects were displaced.

June 13: 22:32. Manhattan, Mont., region. Strongest at Trident where 
the shock was of slightly less intensity than that which occurred at 4:30 on the same 
day. At Trident some rocks fell in a cement plant quarry and most of the dis 
turbances reported in the earlier shock were observed again. Felt a1 so at Logan, 
Manhattan, Three Forks, and West End.

June 15: 13:35. Manhattan, Montana, region. Strongest at Trident where 
a few light objects were displaced and only a few residents were alarmed. Much 
lighter than two preceding shocks. Felt also at Manhattan, Bozeman, Logan, 
Three Forks, and Butte.

June 30: 6:37.* Near Salt Lake City, Utah. In Salt Lake City the business 
district was shaken strongest. Many residents were awakened and there was 
slight swaying of suspended objects. Some trees and bushes shook slightly. 
Recorded on the seismograph at the University of Utah. At Murray pictures 
were displaced. At Saltair many were awakened and frightened. Trees and 
bushes shook slightly. Shock felt like an explosion several miles away. Also 
felt at Bingham, Canyon, and Garfield.

Not felt at the following places in Utah: Bountiful, Castle Rock, Coalville, 
Eureka, Farmington, Grantsville, Heber, Henefer, Kamas, Midvale, North Salt 
Lake, Ogden, Park City, Provo, Riverton, Tooele, Wasatch.

July 1: 11:14.* Near Salt Lake City, Utah. A very slight aftershock was 
felt and recorded on the seismograph of the University of Utah.

July 6: 10:20. Moderate shock felt by many in Boulder City and at Boulder 
Dam Power Plant.

July 27: 1:15, 1:30, and 3:00. Northwest Custer County, Idaho. Moder 
ately strong shock reported to have centered at about 44°30' north, 115° 10' west. 
Felt at Little Creek, Cougar Creek, Grayhound Lookout, Ruffneck Lookout, and 
Mahoney Lookout. Nearly all were awakened. Rumbling sounds were heard 
before and at time of shock. Hanging objects were heard striking against the 
walls and tin dishes rattled.

July 30: 15:45. Great Falls, Mont. Slight shock reported to have been felt 
by a few persons.

August and September: Gila National Forest, N. Mex. Forest rangers 
report almost daily occurrence of shocks in the vicinity of White Creek Ranger 
station on the west fork of Gila River about 40 miles northwest of Silver City. 
The greatest number of shocks occurred on September 19 and 20. Some of them 
were rather violent. Only the more important shocks are listed here. A large 
rock, perhaps 20 tons, was dislodged from a cliff above a C. C. C. side camp at 
White Creek and rolled down into the camp, breaking a corral fence. The camp 
was abandoned for several days.

August 4: 0:07. Helena, Mont. A moderate shock.
August 23: 4:00, about. Deer Lodge, Mont. Slight shock felt by several.
August 27:  : . Marshall, Wyo. Slight.
September 11: 20:23. Little Bitter Root Valley, Mont. Moderate shock felt 

at Lonepine, Pleasant Valley, and Kalispell.
September 17: 10:20.* Arizona-New Mexico border about 33.2° north, 

108.6° west. Maximum intensity VI to VII. Area affected, approximately 8,000 
square miles as shown on map. The epicentral region was in a sparsely settled
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Figure 6. Area affected by the Arizona-New Mexico border 
earthquake or September 17, 1938.

mountainous region not far from the continental divide, making it difficult to 
locate the exact point of maximum intensity from the noninstrumental data. 
The shock was reported strongest at Duncan and Clifton in Arizona, and in the 
southern part of Catrpn County, N. Mex. Later in the month it was reported 
that many rocks fell in the mountains near Buckhorn, N. Mex. This was the 
first of a series of shocks of decreasing intensity during the latter part of September.

At Duncan, Ariz., hanging 
objects swung, small objects 
were disturbed and bottles fell 
from shelves. Plaster was 
cracked and some slight damage 
due to cracked walls was re 
ported. It was reported felt 
outdoors by some. Roaring 
sounds were heard. At Clifton, 
Ariz., and in surrounding sec 
tions many objects were dis 
turbed and trees and bushes 
were shaken. A deep rumble 
was heard by many. At a For 
est Service ranger station near 
the head of the west fork of the 
Gila River in New Mexico, 
plaster fell, a chimney was 
cracked, and trees and bushes 
were shaken strongly.

The shock was also felt at 
x , oo By las, Fort Thomas, Franklin, 
Morenci, ban Simon, Safford, and Thatcher in Arizona; and at Black Springs, 
Fierro, Fort Bayard, Lordsburg, Reserve, Rincon, and Tyrone in New Mexico.

None of the series of earthquakes was felt at the following places: In Arizona 
at Benson, Bowie, Elfrida, Oracle, Redington, San Carlos, Springerville, and 
Wmkleman; in New Mexico at Aragon, Deming, Hachita, Lake Valley, Luna, 
Monticello, Red Hill, San Antonia, and Steins.

September 19: 22:40.* Arizona-New Mexico border. A strong aftershock of 
the earthquake of September 17. Reported strongest at Duncan, Ariz., where 
furnishings moved, vases overturned, and dishes broke. There was slight damage 
due to the cracking and fall of some old adobe walls. Many were awakened and 
a few frightened. It was also reported felt in Arizona at Morenci and Clifton, 
San Simon, and Safford; in New Mexico at Black Springs, Fort Bayard, Hillsboro 
and Silver City.

September 29: 16:34.* Arizona-New Mexico border. A strong aftershock of 
the earthquake of September 17. Strongest at Clifton, Ariz., where some plaster 
fell. Also felt in Arizona at Duncan, Franklin, San Simon and Morenci, and in 
New Mexico at Black Springs, Fierro, Minbres, Tyrone, and Lordsburg.

September 30: 18:08.* Vicinity of Boulder Dam about 36.0° north, 114.9° 
west, according to Pasadena. Felt at Boulder Dam and in Boulder City. The 
accelerograph at Boulder Dam operated, but it was set to start for very light 
motion.

October 22: 6:13.* Boulder Dam region. Felt at Boulder Dam Power Plant 
and in Boulder City. Hanging objects swung. Sounded as though two heavy 
guns about a mile away had been fired.

October 31: 23:25.* Arizona-New Mexico border. Aftershock of earthquake 
of September 17. 33.2° north, 108.6° west. Felt at Duncan, Ariz., and Buckhorn 
and Cliff, N. M. Rocks fell in the mountains near Buckhorn and many people 
were frightened. At Cliff, N. Mex., plaster and chimneys were reported cracked 
Not felt at San Simon, Ariz.

November 2: 2:00.* Arizona-New Mexico border. About 33.2° north, 108.6° 
west. Felt at Buckhorn, Cliff, Silver City, and Pinos Altos Mountains in New 
Mexico and Clifton, Ariz. Hanging objects swung at Buckhorn and many were 
awakened.

November 10: 17:34.* Boulder Dam. Felt by many in Boulder City and at 
the power plant.

November 12: 8:17. Manhattan, Mont. Slight shock felt by several. 
November 26: 17:13.* Arizona-New Mexico border. About 33.2° north, 

108.6° west. Strongest at Black Springs, Cliff, and Mogollon, N. Mex. Also felt 
at Buckhorn, Reserve, Gila, Glenwood, Morenci, and Pinos Altos, N. Mex. At
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Black Springs small objects were overturned and water spilled from indoor 
containers.

November 29: 9:21. Grover, Wyo. Slight shock. Light shocks were also 
felt on November 30 at 23:05, December 1 at 13:30, and December 4 at 23:20.

December 3: 15:00. Salt Lake City, Utah. Slight shock felt in southern 
part of city.

December 23: 23:45. Poison, Mont. 3 miles west of Poison hanging objects 
swung east and west. There was visible swaying of building. Three windows 
were broken.

December 28: 15:10. Arizona-New Mexico border. Felt at Clifton, Ariz., 
and Black Springs, Cliff, Mogollon, and Redrock Valley, N. Mex. Strongest at 
Clifton, Ariz., where small furnishings moved and trees and bushes shook slightly.

December 28: 15:53. Helena, Mont. Moderate shock.
December 31: 0:08. Belgrade, Mont. Some canned goods shaken off the 

shelves of grocery stores, but shock was generally recorded as being light. Also 
felt at White Sulphur Springs, Mont., where small objects and pictures were dis 
placed and subterranean sounds were heard preceding the shock.

CALIFORNIA AND WESTERN NEVADA

[120TH MERIDIAN OR PACIFIC STANDARD TIME]

NOTE. All places are in California unless otherwise stated. "B" written after the location of an epicenter 
means that thelocation was reported by the Seismological Station of the University of California at Berkeley; 
Perry Byerly in charge. The 1938 results were not yet issued when this list was prepared. "P" refers likewise 
to the Seismological Laboratory of the California Institute of Technology and the Carnegie Institution of 
Washington at Pasadena. More details will be found in "Abstracts of Earthquake Reports for the Pacific 
Coast and Western Mountain Region."

When more than one degree of intensity is reported from a town, the town is listed under each intensity 
reported.

January 3: 16:29.* San Jacinto mountains about 33°28' north, 116°35' west, 
P. Felt at Banning, Coachella, Hemet, Idyllwild, San Diego, Pomona, and 
Thermal. Strongest at Hemet.

January 4: 20:00 (about). Mineral. Reported by residents in Manzanita 
Lake area.

January 5: Between 17:00 and 17:30. Santa Ynez. Three slight shocks felt 
by several. Trees and bushes shaken slightly.

January 10: 16:25.* Southern part of Mendocino County. Epicenter prob 
ably near Hopland, B. Felt over 1,200 square miles. See map.

INTENSITY v:
Bachelor. Moved furnishings, overturned small objects, including books. 

Awakened all.
Talmadge. Overturned small objects and vases. Books and pictures fell; 

dishes broken. Damage slight.
Ukiah. Walls creaked and suspended objects swung.
Intensity IV: Blue Lakes Resort, Cloverdale, Hopland, Lakeport, Philo, 

Potter Valley, Preston, Ukiah, Upper Lake.
Intensity III and under: Calpella, Manchester, Nevaro, Redwood Valley, 

Willits. Not felt at Albion, Asti, Boonville, Geyserville, Skaggs Springs.
January 11: 10:04. Southern part of Mendocino County. Aftershock of 

the preceding earthquake. Felt at Bachelor, Cloverdale, Hopland, Lakeport, 
Preston, Talmadge, Ukiah. Not felt at Albion, Asti, Boonville, Manchester, 
Midlake, Philo, Redwood Vallev, Skaggs Springs, Upper Lake, Willits.

January 23: 20:15.* Felt at Ontario. 34°02' north, 117°41' west, P.
February 7: 23:39.* Little San Bernardino Mountains. 34°03' north, 

116°26' west, P. Felt at Palm Springs and Twenty-nine Palms.
February 12: 12:00.* At sea about 10 miles west-southwest of Santa Cruz, 

B. About 3,000 square miles of land area affected. See map. Maximum 
intensity VI.

INTENSITY vi:
Coyote. Trees and bushes shaken. Some plaster fell. 
Morgan Hill. Trees and bushes shaken. Plaster cracked. 
Santa Cruz. Cracked a few windows and toppled a chimney. Rumbling 

sound similar to loud roar accompanied shock.
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INTENSITY v:
Morgan Hill. Tables, chairs, and small objects moved.
Mountain View, 5 miles southwest of. Four severe jolts. Moved small objects.
Watsonville. Pictures moved. Small objects and furnishings disturbed in 

some districts.
Intensity IV: Aptos, Belmont, Ben Lomond, Berkeley, Big Sur, Boulder Creek, 

Carmel, Davenport, Felton, Half Moon Bay, Lafayette, La Honda, Loma Mar, 
Los Gatos, Milpitas, Monterey, Morgan Hill, Moss Landing, Niles, Pacific 
Grove, Paradise Valley, Pigeon Point Light Station, Salinas, San Bruno, San 
Francisco, San Mateo, Santa Cruz, Saratoga, Seaside, Soquel, South San 
Francisco, Watsonville.

Intensity III and under: Alameda, Aromas, Berkeley, Boulder Creek, Brisbane, 
Burlingame, Castroville, Colma, Cupertino, Gilroy^ Hayward, Hollister, Los 
Gatos, Marina, Martinez, Menlo Park, Montara, Newark, Oakland, Palo Alto, 
Pinnacles, Rockaway Beach, Rodeo, Salinas, San Francisco, San Juan Bautista, 
San Jose, San Rafael.

Not felt at Almaden, Alviso, Altamont, Antioch, Berkeley, Brentwood, Bur 
lingame, Byron, Chualar, Concord, Crockett, Del Monte, Fort Baker, Fort 
Barry, Fruitvale, Gilroy, Gonzales, Greenfield, Ignacio, King City, Livermore, 
Los Altos, Los Banos, Los Gatos, Menlo Park, Mile Rocks Light Station, Mill 
Valley, Moraga, Morgan Hill, Mount Eden, Mountain View, Newman, Oakland, 
Palo Alto, Patterson, Pinole, Pleasanton, East Brother Island Light Station, 
Redwood City, Richmond, San Anselmo, San Benito, San Francisco, San Juan 
Bautista, San Jose, San Lorenzo, San Martin, Saratoga, Sausalito, Soledad, 
Suisun, Sunol, Tiburon, Tracy, Tres Pinos, Vallejo, Vernalis, Volta, Walnut 
Creek.

February 14: 6:25.* Los Angeles region, near Inglewood, 34°00' north, 
118°20' west, P. Felt at Los Angeles, Huntington Park, Inglewood, and South- 
gate. Strongest at Inglewood and Southgate where many were awakened.

February 14: 23:45.* San Bernardino Mountains. About 34°10' north, 
116°15' west, P. Felt at Twenty-nine Palms.

February 16: 17:18.* Off Newport Beach, about 33°34' north, 117°59' west, 
P. Felt near Huntington Beach.

March 1: 12:25. Humboldt County. Felt at Bridgeville and Petrolia. Not 
felt at Arcata, Eureka, Scotia.

March 14: 4:44.* Off Bolsa Chica near 33°42' north, 118°04' west, P. Felt 
at Huntington Beach.

March 23: 15:52.* Ventura County. Near Fillmore, 34°26' north, 118°48' 
west, P. Felt at Fillmore and Piru.

March 31: 9:03.* Mojave Desert, about 34°45' north, 116°28' west, P. Felt 
at Ludlow.

April 1: 11:22.* Lower California, about 32°36' north, 115°58' west, Elsinore 
fault, P. Felt at Brawley and Imperial. At Brawley some dishes were broken 
and liquids spilled from containers.

April 3: 10:44.* Inglewood fault, 33°50' north, 118° 14' west, P. Felt at 
Long Beach, Compton, Southgate, Huntington Beach, and Maywood. At 
Southgate observer heard tremor before the vibrations arrived.

April 12 and 13: Imperial Valley. The more important shocks of a long 
series during these two days are listed below. There is some confusion regarding 
the reported times of individual shocks.

At El Centre objects were overturned and fine cracks appeared in some brick 
and plaster. Plaster cracked in two elementary schools and Easter displays in 
some stores toppled over. At Holtville, shocks occurred every day from April 
12 to April 18. Small objects and furniture moved, trees and bushes shook. 
Many were frightened. The shocks were not reported felt at the following 
places on April 12: Anza, Borego, Cathedral, Coachella, Descanso, Edom, Indio, 
Keen Camp, Mecca, Mesa Grande, Palm Springs, Pine Valley, Plaster City, 
Rice, Santa Ysabel, Thermal.

April 12: 6:40. Imperial Valley, felt at Calexico, Calpatria, Desert Center, 
El Centro, Heber, and Jacutnba. Probably identical with shock following.

April 12: 6:46.* Imperial Valley, about 32°53' north, 115°35' west, P. Felt at 
Imperial, San Diego, and El Centro.

April 12: 6:57.* Imperial Valley, about 32°53' north, 115°35' west, P. Felt 
at Aguanga and El Centro.

April 12: 7:04.* Imperial Valley, about 32°53' north, 115°53' west, P. Felt at 
Aguanga and Imperial.
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April 12: 7:11.* Imperial Valley, about 32°53' north, 115°35' west, P. Felt 
at Imperial and Calexico.

April 12: 7:29.* Imperial Valley, about 32°53' north, 115°53' west, P. Felt at 
Calexico.

April 12: 8:18.* Imperial Valley, about 32°53' north, 115°35' west, P. At 
Brawley, Calexico, and El Centre children were sent from school buildings. Small 
cracks appeared in one old brick school building. At El Centro dishes were 
shaken from shelves. At Seeley, trees and bushes were shaken. A strong-motion 
record was obtained at El Centro.

April 12: 8:24.* Imperial Valley, about 32°53' north, 115°35' west, P. Felt at 
Calexico, El Centro, Imperial, San Diego, Seeley, Westmoreland, and Yuma 
(Ariz.). A hard shock at El Centro set the accelerograph into operation.

April 13: 10:57.* Imperial Valley, about 32°53' north, 115°35' west, P. 
Felt at Calexico and very slightly at Yuma, Ariz.

April 13: 11:29.* Imperial Valley, about 32°53' north, 115°35' west, P. 
Accelerograph at El Centro started but no record was obtained because paper had 
been used up on preceding shock. Felt at Brawley, Calexico, Calipatria, El 
Centro, Heber, Holtville, Pine Valley, Rosita Dam, San Diego, Seeley, and Yuma 
(Ariz.) In northeast section of Imperial Valley there was slight damage to 
buildings. Cracks appeared in the ground and land slides occurred on the banks 
of the Alamo and New Rivers. Not felt at Gila Bend and Quartzsite in Arizona.

April 13: 18:53* and 19:38.* Imperial Valley, about 32°53' north and 115°35' 
west, P. Both shocks felt at El Centro.

April 15: 12:08.* Imperial Valley, about 32°53' north, 115°35' west, P. Felt 
at Imperial.

April 15: 13:55. Humboldt County. Felt at Cape Mendocino, Ferndale, 
Punta Gorda Light Station, and Upper Mattole. Trees and bushes shaken 
slightly at Upper Mattole.

April 19: 5:59.* Los Angeles region. About 34° north, 118° west, P. Felt at 
Alhambra, Gardena, and Pasadena.

April 19: 17:58.* Near Long Beach, 33°46' north, 118°07' west, P. Felt at 
Wilmington and Long Beach.

April 19: 19:59.* Near Long Beach, 33°46' north, 118°07' west, P. Felt at 
Long Beach and Wilmington. Not felt at Maywood.

April 23: 23:43.* Vicinity of El Modena, 33°50' north, 117°48' west, P. Felt 
at Claremont, Fontana, and Ontario.

April 26: 4:19.* Near Long Beach, about 33°46' north, 118°07' west, P. Felt 
at Long Beach and Seal Beach.

April 27: 12:13.* Imperial Valley, about 32°53' north, 115°37' west, P. Felt 
at Calexico, El Modena, and San Diego.

April 27: 22:07.* Off San Diego, approximately 110 kilometers, 32°37' north, 
118°12' west, P. Felt at Balboa and San Diego.

May 10: 2:32.* Monterey County, about 36.2° north, 121.3° west, P. Felt at 
Big Sur, Pinnacles, Soledad, King City, Tres Pinos, Hollister, Salinas, and Soquel. 
Six shocks felt at Pinnacles.

May 10: 2:41.* Monterey County, about 36.2° north, 121.3° west, P. Felt at 
San Benito.

May 13: 5:20.* Near Julien, 33°05' north, 116°40' west, P. Felt at Santa 
Ysabel.

May 21: 1:44.* Near Long Beach. 33°37' north, 118°02' west, P. Felt at 
Balboa, Huntington Beach, Long Beach, and Seal Beach.

May 27: 9:30. In California, about 25 miles from Reno, Nev. Felt at Calpine, 
Chilcoot, Downieville, Graniteville, Johnsville, Loyalton, Sattley, Sierraville, 
and Sierra City. Trees and bushes shaken slightly at Calpine, Chilcoot, Loyalton, 
Sattley, and Sierraville.

May 31. 0:34.* Santa Ana Mts. 33° 41' north, 117° 32' west, P. Land area 
of approximately 30,000 square miles in Southern California affected. See map. 
Felt along the coast as far north as Santa Barbara and south to San Diego. Felt 
inland as far as Bakersfield, the Mojave Desert and the Coachella Valley. In 
tensity VI was reached in several widely scattered localities. Strong motion 
instruments operated at Colton, Hollywood, Los Angeles, and Vernon.

INTENSITY vi:
Adelanto. Small object overturned and knickknacks fell. Rapid motion 

lasted a few seconds.
Arlington. Knickknacks fell. Many awakened and frightened. Damage 

slight. Rapid motion lasted 35 seconds.
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Keystone.  (4 miles north of Wilmington). Vases and knickknacks over 
turned; many awakened and frightened. Rapid east-west motion lasted about 
10 seconds.

Laguna Beach. Moved furnishings and overturned small objects; knickknacks 
fell. Rapid motion lasted 3 seconds. Faint roaring sound heard before and 
after the shock.

Moreno. Floor lamps were moved and plaster cracked. All awakened. 
Rapid motion lasted a few seconds.

Ontario. Small objects and furnishing were moved and plaster cracked. 
Many awakened and frightened. Rapid motion lasted 5 seconds.

Orange. Small objects were overturned. All awakened. Slow motion, lasted 
15 to 20 seconds.

Silver ado. Small objects were overturned and knickknacks fell. Many 
awakened and frightened. Rapid motion lasted 10 seconds.

INTENSITY v:
Aguanga. Hanging objects swung northeast and southwest, trees and bushes 

shaken moderately. Many awakened. Slow motion lasted about 10 seconds.
Anaheim. (Kotella Substation). Hanging objects swung. Trees and bushes 

shook slightly. Many awakened. Slow motion lasted 10 seconds.
Arrowhead Springs. (Hotel and vicinity). Hanging objects swung, trees and 

bushes shook moderately. Many awakened. Rapid motion lasted about 10 
seconds.

Artesia. Hanging objects swung and many residents were awakened. Slow 
motion lasted 6 seconds.

Banning. Small objects were disturbed and many residents were awakened.
Cajon. Felt by all. Rapid motion lasted five seconds.
Calabasas. All awakened. East-west motion.
Camp Baldy. Hanging objects swung, trees and bushes shook slightly. Slow 

motion lasting 3 to 4 minutes.
Claremont. Hanging objects swung, trees and bushes shook slightly. Many 

awakened. Rapid motion lasted one second.
Compton. Hanging objects swung and chairs moved. All were awakened and 

frightened. Rapid motion lasted several seconds.
Corona. All were awakened. Rapid motion lasted 30 seconds.
El Cajon. Pictures swayed on walls and a few people were awakened. A 

quick jumping motion.
Elsinore. Hanging objects swung north and south, trees and bushes shook 

slightly. All were awakened and a few frightened. Rapid motion lasted 6 
seconds.

El Toro. Hanging objects swung and many residents were awakened. Rapid 
motion lasted 5 seconds.

Fawnskin. Small objects moved and knickknacks fell. Many were awakened. 
Rapid east-west motion lasted 3 seconds.

Fontana. Many were awakened and frightened. Motion first abrupt and then 
slow, lasting approximately 30 seconds. "Longest and hardest since the Long 
Beach earthquake."

Fullerton. South section. Small objects disturbed. Many awakened and 
frightened. Moderately loud bumping sound occurred at time of shock.

Glendora. Hanging objects swung. Frightened all in lookout tower. In the 
town many were awakened. Rapid motion lasted two seconds. At Tanbark 
Flats hanging objects swung and rapid motion lasted 10 seconds.

Huntington Park. All were awakened. A slow east-west motion lasted several 
seconds.

Keen Camp. All were awakened; felt by some outdoors. Rapid motion 
lasted 3 seconds.

Lakeside. Trees and bushes shook slightly and many residents were awakened. 
Crashing sound heard before tremble. Rapid motion lasted 8 to 10 seconds.

Loma Linda. Trees and bushes shook moderately. Many were awakened. 
Rapid motion lasted a few seconds.

Los Angeles. High buildings swayed gently in downtown Los Angeles. Bridge 
lamps toppled over in homes in Hollywood and pictures and vases crashed to 
floors. Many residents were awakened and police and newspaper switchboards 
were swamped with telephone calls. There was some excitement among 
frightened prisoners in the County Jail on the top floor of the Hall of Justice. 
The motion was generally reported as slow with duration varying from 4 to 15 
seconds.
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Mount Wilson. All were awakened. Slow northwest-southeast motion 
lasted 5 seconds.

Murrieta. All were awakened. Rapid northeast-southwest motion lasted 
about YZ minute.

Newport Beach. Hanging objects swung east and west and trees and bushes 
shook slightly. Many were awakened. Rapid motion lasted 8 to 10 seconds.

Pala. Plaster cracked. Felt by many. Rapid motion lasted 2 seconds.
Pasadena. Hanging objects swung north to south. All were awakened. 

Rapid north to south motion was of very short duration. At Josephine Peak 
lookout, hanging objects swung. Slow motion lasted approximately 5 seconds.

Piru. Damage slight. Felt by many. Slow motion lasted less than one 
minute.

San Antonio. (8 miles south of Mount Baldi). All were awakened. Rapid 
motion lasted about 10 seconds.

San Bernardino. Many were awakened. Rapid motion lasted 30 seconds.
San Diego. A large number were awakened. Slow motion lasted a few seconds 

only. The motion was recorded slightly on various recording instruments of the 
electric generating plant, station B.

San Dimas. Some plaster was cracked. Many were awakened and frightened. 
Rapid motion lasted 6 seconds. At the United States Forest Service guard station 
many were awakened. Rapid motion lasting 6 seconds was felt by all.

San Juan Capistrano. Hanging objects swung and small objects moved. All 
were awakened. Slow motion lasted 10 seconds.

San Marcos. Many were awakened.
Santa Monica. Hanging objects swung, trees and bushes were shaken strongly. 

Many were awakened and frightened. Rapid motion lasted one minute.
San Pedro. Hanging objects swung east and west. Many were awakened. 

Slow east-west motion lasted several seconds.
Santee. Pictures on walls moved. Many were awakened. Rapid motion 

seemed to last 1 to 2 minutes.
Sierra Madre. (Vetter Mt.). All were awakened. Motion lasted 6 seconds.
Stanton. Hanging objects swung. Many were awakened and freightcned. 

Rapid motion lasted 10 seconds.
Swartout. Hanging objects swung and small objects were displaced. Many 

were awakened and frightened. Rapid east-west motion.
Temecula. Hanging objects swung, small objects and furnishings moved. 

Many were awakened. Slow motion lasted approximately 30 seconds.
Valyermo. All were awakened. Rapid northeast to southwest motion lasted 

approximately 1 minute.
Whittier. All were awakened.
Yucaiprt. Hanging objects swung. All were awakened and frightened. 

Rapid northeast to southwest motion lasted 3 seconds.
Intensity IV: Acton, Alberhill, Alhambra, Alta Loma, Alpine, Anza, Avalon, 

Bakersfield (Magurden Substation), Baldwin Park, Barstow, Beaumont, Bell 
(Laguna Bell Substation), Beverly Hills, Bloomington, Bonsall, Borego, Brea, 
Burbank (North section), Cabazon, Camarillo, Campo, Castaic (Warm Springs 
Lookout), Colton, Crestline, Del Mar, Del Rosa (Ranger Station), Descanso, 
Descanso (Ranger Station), Dulzura (Barrett Dam), East Highlands, Escondido, 
Escondido (Hodges Dam), Etiwanda, Fallbrook, Fillmore, Forest Home, Glen- 
dale, Glendora (Dalton Camp F-126), Glenn Ranch, Gorman, Hemet, Hunting- 
ton Beach (5 miles north of), Idyllwild (Ranger Station), Inglewood, Irwindale, 
Jamul, La Canada, La Jolla, Lake Arrowhead, Lancaster, Lang, La Verne, 
Lemon Grove, Llario, Lomita, Long Beach (North section), Long Beach, Lucerne 
Valley, Manhattan Beach, May wood, Mentone (Mill Creek Powerhouse No. 3), 
Mentone, Mira Loma, Monrovia, Montebello, North Hollywood, Olive View, 
Oxnard, Palomar Mountain, Palmdale, Palm Springs, Phelan, Pomona, Ramona, 
Riverside, Romoland, Rosamond, San Fernando, Santa Ana, Sierra Madre (Santa 
Anita Ranger station), Saugus, Saugus (substantion), Seal Beach, Seven Oaks, 
Summerland, Tehachapi, Torrance, Tustin, Upland, Valley Center, Valyermo, 
Van Nuys, Victorville, Warner Springs.

Intensity III and under: Garnet, Indio, Littlerock, Mesa Grande, Mojave, 
Moorpark, Muroc, Newberry, Newhall, Oceanside, San Diego (Mission Hills), 
San Onofre.

Not felt at Amboy, Arvin, Bakersfield, Cantil, Carpinteria, Castaic (Elizabeth 
Lake Canyon Guard station), Cornell, Crucero, Dulzura, Earp, El Centro, 
Encanto, Essex, Fairmont, Gaviota, Goleta, Helendale, Huener, Jacumba,
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Julian, Ludlow, Maricopa, Mecca, Mount Laguna, Needles, Nilano, Oildale, 
Ojai, Palm City, Palo Verdi, Plaster City, Potrero, Puente, Randsburg, Sandberg, 
Santa Barbara, Santa Paula, Santa Ynez, San Ysidro, Saticoy, Shafter, Tupman, 
Twentynine Palms, Ventura, Vidal, Wasco, Wheeler Ridge, Wheeler Springs.

May 31: 21:17.* Near Santa Barbara, 34°33' north, 119°41' west, P. Awak 
ened a few in Santa Barbara.

June 1: 0:04.* Gulf of California, about 30° north, 113° west, P. Reported 
felt at Mission Hills, San Diego.

June 3: 6:02.* Region of Volcano Lake, about 32° 15' north, 115° 10' west, P 
Felt at Calexico.

June 3: 6:38.* Region of Volcano Lake, about 32°15' north, 115°10' west, P. 
Many awakened at El Centre.

June 5: 18:42.* Imperial Valley, about 32°15' north, 115°10' west, P. Felt 
at Brawley, El Centre, Heber, Imperial, and San Diego. Not felt at Calipatria, 
Desert Center, Mecca, and Niland. Recorded on El Centre accelerograph.

June 5: 21:53.* Region of Volcano Lake, about 32°15' north, 115°10' west, P. 
Felt at El Centre, Holtville, and Imperial. Plaster was cracked at Holtville. 
Not felt at Calipatria, Desert Center, Mecca, and Xiland.

June 6: 4:35.* Region of Volcano Lake, about 32°15' north, 115°10' west, P. 
Felt at Brawley, El Centre, Heber, Imperial, and San Diego. Trees and bushes 
were shaken strongly at Imperial; many residents were awakened and frightened. 
Not felt at Calipatria, Desert Center, Mecca, and Niland. Recorded on El 
Centre accelerograph.

June 10: 6:40.* San Bernardino Mts. 34°08' north, 116°57' west, P. Felt 
at Big Bear City, Big Bear Ranger station, Fawnskin, Running Springs, and 
Seven Oaks. At Big Bear City small objects were overturned and many residents 
awakened.

June 15: 21:59.* Terwilliger Valley, 33°28' north, 116°35' west, P. Felt at 
Aguanga, Hemet, and San Diego. Many were awakened at Aguanga.

June 15: 22:30.* San Bernardino Mts., about 34°20' north, 117°00' west, P. 
Felt at Big Bear Citv.

June 20: 9:54.* San Bernardino Mts. 34°20' north, 117°00' west, P. Felt at 
Big Bear City.

June 23: 14:11.* San Bernardino Mts., 34°10' north, 117°07' west, P. Felt at 
Running Springs (Keller Peak Lookout). Trees and bushes shaken slightly.

June 28: 21:34.* Off Bolsa Chico, 33°42' north, 118°04' west, P. Felt near 
Huntington Beach.

July 5: 10:06.* Santa Ana Mts., 33°41' north, 117°32' west, P. Felt at 
Alberhill, Burbank, Corona (U. S. Ranger station), Laguna Beach, Red Mountain 
Lookout, Southgate, Sunset Peak Lookout. Small objects were overturned at 
Southgate. Small objects were moved, and trees and bushes were shaken slightly 
at Sunset Peak Lookout near Glendora.

July 10: 8:10.* Agua Caliente fault near Verruga, about 33°10' north, 116°25' 
west, P. Reported felt at Borego.

July 10: 10:06.* Agua Caliente fault near Verruga, 33°10' north, 116°25' 
west, P. Felt at Borego, Descanso and Cuyamaca Peak Lookout, Damo Canyon 
(San Diego), Jamul, and Warner Springs. At Descanso and Cuyamaca Peak 
Lookout, hanging objects swung; small objects and light wooden chairs were dis 
placed. Knickknacks fell. Trees and bushes were shaken slightly.

July 17: 21:40.* Near Haiwee, about 36°09' north, 117°57' west, P. Felt 
at Haiwee Power Plant Camp. Hanging objects swung and furnishings moved. 
Many were frightened.

July 21: 14:45.* Ventura County near Piru, about 34°30' north, 118°56' 
west, P. Felt at Reservoir Summit Lookout, vicinity of Sandberg, West Liebre 
Lookout, and Whitaker Peak Lookout.

August 1: 23:12.* San Diego County, near Nellie, 33°18' north, 116°54' west, 
P. Felt at Aguanga, Mesa Grande and Palomar Mountain. At Aguanga hang 
ing objects swung. Many were awakened at Aguanga and Mesa Grande. At 
Palomar Mountain thunderous subterranean sounds were heard immediately 
before the shock.

August 4: 17:59.* Off Huntington Beach, about 33°37' north, 118°02' west, 
P. Felt at Cypress and Huntington Beach.

August 4: 20:33.* Southwest Los Angeles, about 34°03' north, 118°22' west, 
P. Felt at Los Angeles and Gardena. Hundreds of persons called police to 
report the disturbance. The shock jarred furniture and rattled dishes.

August 5: 18:28.* Riverside County near Cabazon, 33°56' north, 116°45' 
west, P. Felt at Cabazon and Saunders Meadows (near Idyllwild).
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August 6: 14:00.* Santa Ana Mts. 33°41' north, 117°32' west, P. Felt at 
Corona and Elsinore.

August 17: 23:39.* Mojave River Sink, about 35°00' north, 116°13' west, P. 
Felt at Ludlow.

August 29: 6:48.* Balsa Chico, 33°42' north, 118°04' west, P. Felt at Cypress 
and Seal Beach. Awakened many at Cypress.

August 30: 19:18.* Near Long Beach, 33°48' north, 118°14' west, depth 
probably about 25 kilometers, P. The shock affected a land area of approximately 
1,200 square miles as shown on map. It was felt along the Coast between Santa 
Monica and Laguna Beach and inland as far as Mt. Wilson. A maximum in 
tensity of approximately VI was reached in the San Pedro Harbor district. 
Strong motion records were obtained from instruments in the Los Angeles Cham 
ber of Commerce Building and the Los Angeles Subway Terminal Building.

INTENSITY vi:
Huntington Beach. Some dishes were knocked from shelves.
Keystone.  (4 miles north of Wilmington). Almost all residents ran outside, 

some badly frightened. In one home a heavy china cabinet was overturned. 
Beds moved about 8 inches. Water in a pool 6 inches from the top spilled over 
in east-west direction.

Long Beach. Audiences left many theatres and many residents left their 
houses. There was apparently no structural damage. Small objects were over 
turned and many dishes fell. In some stores the stock was knocked off shelves.

Los Angeles. Many were awakened. Objects were observed swinging and 
displaced.

San Pedro. Press reports that firemen moved their equipment from the City 
Hall, fearing collapse of building, but the building was undamaged.

Seal Beach. Vases were overturned and many residents were frightened. 
East-west motion felt outdoors. The shock was registered on recording volt 
meters at the power station.

INTENSITY v:
Artesia. Few were frightened. Direction of motion northeast.
Beverly Hills. Hanging objects swung. Small objects and furniture were 

displaced.
Compton. Doors swung and many residents were frightened.
Gardena.  Hanging objects swung. Felt by all.
Harbor City. Trees and bushes were shaken moderately. Many were 

frightened.
Huntington Park. Felt by all.
La Fresa Substation (Gardena). Felt by all, few frightened.
Lomita. Many were awakened and frightened.
May wood. Hanging objects swung east and west. Trees and bushes were 

shaken slightly. Shock was accompanied by rumble from the east.
Pica. Hanging objects swung. A few residents were frightened.
Stanton. Hanging doors and objects swung in approximately a north-south 

direction. Many were awakened and frightened.
Sunset Beach. North-northeast motion felt by many. Hanging objects 

swung and trees and bushes were shaken. A few were awakened and frightened.
Torrance. Hanging objects swung; many residents were frightened. Felt 

outdoors by few.
Wilmington. Northwest-southeast motion felt outdoors by some. A few 

residents were awakened and many frightened. Hanging objects swung.
Intensity IV: Bell, Coldbrook Guard station (Azusa), Hermosa Beach, Hunt 

ington Beach, Irvine, La Mirada, Manhattan Beach, Newport Beach, Palos 
Verdes Estates, Redondo Beach, San Pedro, Santa Ana, Venice, Whittier.

Intensity III and under: Brea, Culver City, El Toro, Fullerton, Hollywood, 
Inglewood, Laguna Beach, La Habra, Mira Loma, Mount Wilson.

Not felt at Acton, Alberhill, Alta Loma, Baldwin Park, Camp Baldy, Camarillo, 
Castaic, Claremont, Cornell, Corona, Del Luz, Elsinore, Etiwanda, Glendora, 
Gorman, Hueneme, Irwindale, La Canada, Littlerock, Moreno, North Hollywood, 
Perris, Piru, Pomona, Rialto, Riverside, Roscoe, San Bernardino, San Clemente, 
San Juan Capistrano, Santa Anita, Santa Monica, Saugus, Silverado, Simi, 
Swartout, Valyermo, Van Nuys, Ducor (4 miles north of), Wildomar.

August 30: 21:34.* Aftershock of preceding earthquake near Long Beach, 
33°48' north, 118° 14' west, P. Felt at Gardena, Long Beach, and Manhattan 
Beach.

September 2: 4:02.* Near Long Beach, 33°48' north, 118°14' west, P. Felt 
at Long Beach.
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September 2: 12:39. Redwood Valley. Felt generally in the Valley about 
10 miles north of Ukiah. Windows rattled and hanging objects swung.

September 7: 5:13.* Felt at Long Beach and San'Pedro, 33°47' north, 118°07' 
west, P.

September 11: 22:10.* Off shore near Cape Mendicino, about 40.3° north, 
124.8° west. About 20,000 square miles of land area affected as shown on map. 
The earthquake was felt along the coast as far north as Brookings, Oreg., and as 
far south as Elk, Calif.

It extended inland to La Moine, Redding, Mineral, and Johnsville, not far from 
the Nevada border. A maximum intensity of approximately VI was experienced 
in some towns near the coast. The highway through the Redwoods was reported 
as being littered with fallen branches from trees. Many cases of crossed telephone 
lines were reported by telephone linemen. A strong-motion record was obtained 
at Ferndale, but a similar instrument at Eureka did not operate.

The shock was felt for 45 seconds aboard the United States Coast and Geodetic 
Survey Ship Guide stationed in Shelter Cove at Point Delgada. Rumbling 
sounds, coming from seaward, were heard before any motion was felt, and seemed 
to progress in an easterly direction on land. Weak shocks were observed on 
the ship on the 12th at 14:03, and on the 13th at 16:41. On October 14th at- 
9:01 a slight shock was observed when the ship was about 3 miles from Shelter 
Cove en route to Oakland.

INTENSITY vi:
Alder Point. -Felt outdoors by some. Dishes broken.
Bridgeville. A few articles knocked off shelves in store. Dishes broken. 

Many awakened and frightened. Slow motion lasted 20 seconds.
Eel Rock. Small objects and furnishings moved, chimneys cracked. All 

awakened and frightened. Slow motion.
. Ferndale. Hanging objects swung and small objects were displaced. All 

were awakened and some frightened. Motion lasted 15 or 20 seconds. One 
chimney cracked and rotated a few degrees but did not fall. Telephone lines out 
of town were out of order for some time.

Fortuna. Hanging objects swung; some bottles fell from shelves. Many 
were awakened and frightened. Motion lasted about 9 seconds.

Garberville. Small objects were overturned; trees and bushes were shaken 
slightly. Hanging objects swung east and west. Many were awakened but 
few frightened. Rapid motion lasted five seconds.

Grizzly Creek. (Seven miles west of Bridgeville.) Small objects were dis 
placed and small packages and bottles were overturned. Slow motion, lasted 
several seconds. Felt outdoors in an approximate north-south direction.

Harris. Water spilled from containers. All were awakened and many 
frightened.

Holmes. Small objects and furnishings were displaced, some vases overturned. 
Liquids spilled over sides of containers. Awakened all but frightened few.

Ocean House. (Near Cape Mendicino.) Vases overturned and knickknacks 
fell. A few awakened.

Pepperwood. Overturned vases, small objects and furniture. Dishes broke 
and wallpaper cracked. One chimney fell. Rapid north and south motion 
lasted 60 seconds.

Scotia. Small objects and furnishings moved, steam radiator badly shaken, 
telephone wires sagged, trees and bushes shook slightly. Awakened all and 
frightened many. Slow north-south motion lasted about 15 seconds. About 5 
seconds seemed to elapse between preliminary tremors and main shock.

Shively. Hanging objects swung; pendulum clocks started. Small objects and 
vases overturned and water spilled from indoor containers. Knickknacks and 
books fell. All were awakened and a few frightened. East-west motion lasted 
6 or 8 seconds.

Upper Mattole. Hanging objects swung and small objects moved. All were 
awakened and many frightened. Rapid motion lasted about one minute.

Weott. Hanging objects swung east and west. Some small objects were 
overturned. Trees and bushes shook moderately. All were awakened and 
many frightened. Slow east-west motion lasted about 4 seconds.
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Figure 7.. Areas affected by the more important earthquakes of California and western Nevada in 1938.
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INTENSITY v:
Alton. Awakened all; frightened no one. Rapid east-west motion.
Arcata. Many were awakened but few frightened. Rapid motion lasted about 

10 seconds.
Bay side.  Hanging objects swung. All were awakened and frightened.
Beatrice. Hanging objects swung northeast and southwest. Trees and 

bushes shook slightly. Many were awakened but few frightened. Slow motion 
lasted about 15 seconds.

Bell Springs. Hanging objects swung; trees and bushes shook strongly. All 
were awakened and a few frightened. Motion lasted 7 seconds.

Benbow. Hanging objects swung. All were awakened and a few frightened. 
Rapid motion lasted 6 to 8 seconds.

Board Camp, Mi. Lookout. (Trinity National Forest). Hanging objects 
swung, many were awakened and a few frightened. Slow motion lasted about 
10 seconds.

Branscomb. Many were awakened and a few frightened. Motion lasted 
about 1 minute.

Capetown. All were awakened and few frightened. Rapid motion lasted 
about 5 seconds.

Cape Mendocino. Hanging objects swung and small objects were displaced. 
All were awakened and a few frightened. Slow east-west motion lasted 5 seconds.

Carlotta. Many were awakened and a few frightened. Rapid east-west 
motion lasted 15 to 20 seconds.

Comptche. Many were awakened and a few frightened. Rapid motion lasted 
about 10 seconds.

Covelo. Hanging objects swung; trees and bushes shook slightly. Many were 
awakened and a few frightened. The slow northeast-southwest motion lasted 
about 1 minute.

Cummings. All were awakened and a few frightened. Rapid motion lasted 
about 30 seconds.

Cutten. All were awakened and many frightened. Abrupt motion lasted 
about a second.

Del Loma. Hanging objects swung. Many were awakened and a few fright 
ened. Rapid motion lasted 30 seconds.

Ettersburg. Hanging objects swung and water spilled from containers in a 
northwest-southeast direction. One jar shaken from shelf. Many were awak 
ened and a few frightened. Motion lasted from 5 to 25 seconds.

Eureka. Hanging objects swung; many objects were disturbed. Many were 
awakened and a few frightened. Motion lasted about 30 seconds. Accelero- 
graph did not operate.

Fernbridge. Hanging objects swung. All were awakened and frightened. 
Rapid motion lasted 2 or 3 seconds.

Fields Landing. Hanging objects swung. Trees and bushes shook slightly. 
Many were awakened and a few frightened. Slow motion lasted 30 seconds.

Fort Bragg. Hanging objects swung north and south. Many were awakened 
and a few frightened. Slow north-south motion lasted about 15 or 20 seconds.

Fort Seward. Hanging objects swung northeast and southwest; trees and 
bushes shook moderately. Many were awakened and frightened. Motion 
lasted about 2 minutes.

Honeydew. Many were awakened and frightened.
Island Mi. Hanging objects swung and small objects moved. Trees and 

bushes shook moderately. Many were awakened and a few frightened. Slow 
north-south motion lasted about 2 minutes.

Lake Mountain  All were awakened.
Loleta. Many were awakened and a few frightened. Slow east-west motion.
Low Gap.  (Mendocino National Forest near Covelo). All were awakened; 

motion lasted 10 seconds.
Miranda. Many were awakened and a few frightened. East-west motion 

lasted 2 to 4 seconds.
Petrolia. All were awakened and a few frightened. Slow motion lasted about 

20 seconds.
Punta Gorda Light Station. About 1 pound of quicksilver was spilled from the 

float of the Light. North-south motion lasted about 15 seconds.
Rio Dell. Small objects were moved. Many were awakened and a few fright 

ened. Rapid motion lasted 55 seconds.
South Fork. A few were awakened and frightened. Rapid north-south motion 

lasting several seconds felt outdoors.
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Spy Rock. Trees and bushes shook slightly. All were awakened. A slow 
east-west motion lasted about 3 minutes.

Zenia. Knickknacks fell. Many were awakened and a few frightened. Slow 
east-west motion lasted about 2 minutes.

Intensity IV: Albion, Briceland, Brush Creek Ranger Station, Caspar, Chico, 
Clipper Mills, Cobbs, Dos Rios, Elk, Farley, Feather Falls, Forest Glen, Forest 
Ranch, Freshwater, Grass Valley, Harrison Gulch Ranger Station (4 miles south 
of Knob), Hyampom, Inskip Butte Lookout (Paynes Creek), Johnsville, Kla- 
math, La Moine, Las Plumas, Littleriver, Mad River Ranger Station (Trinity 
National Forest), McCann, Mina, Mineral, Nashmead, Orick, Orland, Peanut, 
Piercy, Plummer Peak Lookout (Trinity National Forest), Red Bluff, Redding, 
Rockport, Rohnerville, Salyer, Samoa, Strawberry Valley, Trinity Center, Trini 
dad, Vina, Weitchpec, Westport, Whitlow, Willits, Willows.

Intensity III and under: Black Rock Lookout (Trinity National Forest), Burnt 
Ranch, Corning, Eel River Ranger Station (Covelo), Flourney, Forbestown, 
Gerber, Hayfork, Laytonville, Longvale, Mad River, Orleans, Oroville, Paradise, 
Smith River, Ukiah, Weaverville.

Not felt at Ager, Alder Springs, Almanor, Anthony Peak (Mendocino National 
Forest), Belden, Big Bar, Big Bend, Boonville, Callahan, Calpella, Calpine, 
Camptonville, Cecilville, Catella, Cassel, Clear Creek, Clear Lake Park, Clio, 
Cloverdale, Chester, Colusa, Copco, Crescent City, Cromberg, Dedrick, Denny, 
Dobbins, Dorris, Douglas City, Downieville, Etna, Forks of Salmon, Fort Dick, 
Fort Jones, Franklin Point Lookout (Mendocino National Forest), French Corral, 
Fruto, Glenn, Graniteville, Grenada, Grass Valley, Gridley, Happy Camp, Hay 
fork, Hearst, Helena, Hilts, Honcut, Hornbrook, Hopland, Inwood, Isaiah, Junc 
tion City, Kennett, Knob Peak Lookout (Trinity National Forest), Lakeport, 
La Porte, Ladoga, Log Springs Ranger Station (Mendocino National Forest), 
Lucerne, Lytton, Magalia, Manchester, Manton, Massack, Maxwell, McArthur, 
Meadow Valley, Middletown, Millville, Montague, Montgomery Creek, Mount 
Hebron, Mount Shasta, Hoopa, Nelson, North Bloomfield, North San Juan, Oak, 
Old Station, Olinda, Ono, Oregon House, Orleans, Osborn Guard Station (Mendo 
cino National Forest), Palermo, Palo Cedro, Paskenta, Paxton, Peanut, Plaskett 
Meadows Camp (Mendocino National Forest), Platina, Philo, Point Arena, 
Poison Rock Lookout (Mendocino National Forest), Princeton, Pulga, Quincy, 
Redwood Valley, Richvale, Rumsey, Sattley, Sawyers Bar, Schilling, Scott Bar, 
Sites, Sloat, Smartville, Somes Bar, Spring Garden, Stewarts Point, Stonyford, 
Storrie, Sutter, Tennant, Trinity Alps, Ukiah, Upper Lake, Viola, Washington, 
Weed, White Horse, Whitmore, Yorkville, Yreka.

Not felt in Oregon at Applegate, Ashland, Carpenterville, Gold Beach, Gold 
Hill, Grants Pass, Harbor, Kerby, Medford, Obrien, Talent, Wonder.

September 14: 10:10.* Lower California 32.5° north, 115.6° west, P. Felt 
at El Centre and Claremont.

September 17: 6:23.* Northeast corner of Kern County. East of Inyoken, 
35°36' north, 117°39' west, P. Felt generally within 125 kilometers of epicenter. 
Felt at Atolia, Bodfish, Brown, Caliente, Haiwee, Reservoir, Havilah Ranger 
Station, Inyokern, Isabella Ranger Station, Johannesburg, Keeler, Kerndale, 
Little Lake, Onyx, Randsburg, Red Mountain, Tehachapi, Trona, Weldon, and 
Westend. At Brown, hanging objects swung north and south and a few residents 
were awakened and frightened. At Inyokern a motion was felt outdoors by some. 
Many were awakened and a few frightened. At Johannesburg many were awak 
ened. At Little Lake hanging objects swung; trees and bushes shook slightly. 
At Randsburg hanging objects swung. At Tehachapi hanging objects swung 
north and south and a few residents were awakened. At Trona moderately loud 
rumbling noise was heard by many before the shock. Most of the residents were 
awakened.

Not felt at Bakersfield, Bartlett, Cartago, Darwin, Fairmont, Helendale, May- 
v.ood, Mojave, Muroc, Rosamond, Shoshone, Tecopa, Wheeler Ridge.

September 25: 20:38.* Near Huntington Beach, 33°37' north, 118°02' west, 
P. Felt slightly 5 miles north of Huntington Beach.

September 27: 4:23.* San Benito County, 36.3° north, 120.9° west, P. 
Earthquake of maximum intensity approximately V was felt over a land area of 
approximately 9,000 square miles as shown on map. It was felt along the coast 
as far north as Pescadero, and to the south as far as San Luis Obispo. Inland it 
was felt at fitevinson, Mendota, and Coalinga. Damage to plaster and sidewalks 
reported in a few instances could not be verified.
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INTENSITY v:
Big Sur. Trees and bushes were shaken and many residents awakened.
Bryson. All were awakened, small objects and furnishings disturbed.
Chualar. Many were awakened and frightened.
Gonzales. Many were awakened. Some plaster reported cracked.
Greenfield. Many were awakened.
Harmony. Many were awakened and a few frightened.
Hollister. Nearly all were awakened. Hanging objects swung.
Jolon and Lockwood. Many were awakened and frightened. Trees and bushes 

shook moderately.
Jungle Junction. 'Objects fell from shelves.
Lockwood. A few were awakened.
Paicines. Small objects overturned.
Paraiso Springs. Many were awakened.
Pinnacles. Earthquake accompanied by continuous rumbling. Reading lamp 

and rocking chair rocked. All were awakened.
San Ardo. All were awakened.
San Benito. Many were awakened and frightened.
San Lucas.  Hanging objects swung northeast and southwest; dishes were 

broken. All were awakened and frightened.
Soledad. Nearly all were awakened. Some plaster reported damaged.
Spreckels. Awakened all and frightened many.
Intensity IV: Aldercroft Heights (\% miles south of Alma), Alma, Ben Lomond, 

Cambria, Camp Ever, Castroville, Carmel, Cholame Peak Lookout (near 
Cholame), Creston, Dos Palos, Gilroy, King City (Bengard Ranch, near King 
City-Hollister Junction), King City (Forest Service), Los Banos, Marina, Men- 
dota, Monterey, Moss Landing, Paso Robles, Priest Valley, Salinas, San Luis 
Obispo (Press), San Luis Obispo and Santa Margarita, Seaside, Shandon, Soquel, 
South Dos Palos, Stevinson, Tres Pinos, Volta, Watsonville.

Intensity III and under: Atascadero, Aptos, Boulder Creek, Bradley, Capitola, 
Coalinga, Glenwood, Lonoak (4 miles from Post Office), Parkfield, Pescadero, 
Pozo, Santa Cruz, Templeton.

Not felt at Almaden, Aromas, Atwater, Berros, Burrel, Cayucas, Cholame, 
Crows Landing, Cupertino, Davenport, Fairmead, Firebaugh, Glenwood, Helm, 
Holy City, Huron, Kettlemen City, La Honda, Los Altos, Los Gatos, Livingston, 
Morro Bay, Morgan Hill, Newman, Nipomo, Patterson, San Martin, San Joaquin, 
Salinas, Santa Cruz (8 miles north of), Summit, Tranquillity, Westhaven.

September 27: 8:20. Felt at Pinnacles and Paicines.
September 27: 9:18.* Off San Diego, about 32°42' north, 117°24' west, P. 

Felt by a few in San Diego.
October 2: 10:45.* Near Santa Barbara about 34°20' north, 119°35' west, P. 

Felt at La Cumbre Lookout, Santa Barbara, and Summerland.
October 17: 21:05.* Off Cape Mendocino, about 40° north, 124° west, P. 

Felt at Eureka and Upper Mattole.
October 22: 16:47.* Near Riverside. 33°50' north, 117°24' west, P. Felt at 

Corona, Hemet, and Riverside.
October 24: 5:40. San Benito County. Felt at Hollister and Pinnacles.
November 4: 10:24.* Los Angeles region. 33°59' north, 118°18' west, P. 

Felt in southwest Los Angeles.
November 9: 21:22. Probably off coast of Humboldt County. Felt at 

Arcata, Beatrice, Eureka, and Fields Landing. Mild tremor.
Nove^nber 15: 5:48. East central part of Mendocino County.
Intensity V to VI: At Calpella, Clearlake Oaks, Potter Valley, Redwood Val 

ley, Talmadge, and Upper Lake. At Calpella small objects and furnishings were 
displaced and canned goods were knocked from a shelf. All residents were 
awakened and a few frightened. At Clearlake Oaks small objects and furnishings 
were displaced. Damage slight. At Potter Valley small objects and furnishings 
were displaced, trees and bushes were shaken. Many were awakened and 
frightened. Roaring subterranean sounds were heard before the shock. At 
Redwood Valley small objects were overturned. All were awakened. At Tal- 
madge small objects were overturned and chimneys were cracked. One chimney 
was reported to have fallen. At Upper Lake water spilled from indoor containers. 
Trees and bushes shook slightly.

The shock was also felt at Albion, Annapolis, Bachelor, Comptche, Dos Rios, 
Elk, Finley, Hopland, Kelseyville, Lakeport, Littleriver, Longvale, Manchester, 
Mendocino, Philo, Point Arena, Willits, and Witter Springs.
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Not felt at Adams, Alder Springs, Asti, Boonville, Caspar, Clearlake Park, 
Cloverdale, Cobb, Covelo, Dos Rios, Fort Bragg, Geyserville, Gualala, Hearst, 
Lodoga, Lucerne, Madera, Middletown, Preston, Seigler Springs, Skaggs Springs, 
Stewarts Point, Stonyford, Spyrock, Westport, Wilbur Springs, Yorkville.

November 22: 7:30.* Near Parkfield, 35°56' north, 120°29' west, P. Felt at 
Atascadero, Cambria, Creston, Morro Bay, Parkfield, Paso Robles, Shandon, 
San Miguel, and Templeton. Strongest at Cambria and Shandon.

November 23: 16:48.* Near Long Beach, about 33°46' north, 118°07' west. 
Felt by many in Long Beach.

November 29: 11:21.* Southwest Los Angeles. 33°53'north, 118°28'west, P. 
Felt at Los Angeles, Beverly Hills, Gardena, Maywood, and Venice. In Los 
Angeles windows and dishes rattled in many homes and chandeliers swayed in 
downtown buildings.

November 29: 21:50. San Francisco Bay area. Reported strongest in the 
Marina District where many ran from their homes. In San Francisco a few 
hanging objects swayed and a few residents were awakened. At Belvedere 
chimneys and plaster were reported cracked. In Oakland hanging objects swung, 
trees and bushes shook slightly. The shock was felt at the following places: 
Belvedere, Brisbane, Burlingame, Colma, Fairfax, Fort Baker, Fort Barry, Hay- 
ward, Larkspur, Mile Rocks Light Station, Montara, Morauga, Oakland, Palo 
Alto, Rockaway Beach, Ross, San Bruno, San Francisco, San Pablo, San Rafael, 
Sausalito, Sharp Park, and Stinson Beach.

Not felt at Alamo, Alvarado, Belmont, Berkeley, Bolinas, Danville, Diablo 
El Cerrito, El Granada, Half Moon Bay, Hayward, Ignacio, Lafayette, La Honda, 
Los Altos, Manor, Menlo Park, Mill Valley, Mountain View, Newark, Oakland, 
Redwood City, San Carlos, San Lorenzo, Sunnyvale, Tiburon, Walnut Creek.

December 1: 8:17.* Santa Clara County. About 37° north, 121° west, P. 
Felt at Alviso, Ben Lomond, Chualar, Coyote, Cupertinp, Gilroy, Irvington, 
Paso Robles, San Jose, and Saratoga. In San Jose some chimneys were reported 
cracked and in Saratoga some plaster was reported cracked.

Not felt at Almaden, Aptos, Aromas, Big Sur, Castroville, Davenport, Fire- 
baugh, Gilroy, Gonzales, Greenfield, Jolon, King City, Lockwood, Los Altos, 
Los Banos, Los Gatos, Madrone, Marina, Mendota, Milpitas, Moss Landing, 
Newman, Pacific Grove, Paicines, Palo Alto, Paraiso Springs, Parkfield, San 
Ardo, San Benito, San Martin, San Miguel, San Simeon, Santa Cruz, Shandon, 
South Dos Palos, Tres Pinos, Volta, Warm Springs.

December 3: 9:42.* East-central California. 37°30' north, 118°46' west, 
southeast of Convict Lake, P. About 60 small aftershocks were recorded on the 
seismograph at Tinemaha during the succeeding 48 hours. Additional shocks 
were reported by the Pasadena Seismological Laboratory at 9:51*, 9:57*, 10:41*, 
14:17*, and 14:20*.

A maximum intensity of approximately VI was reached in the Owens Valley 
region. The shock was felt over an area of approximately 24,000 square miles in 
south-central California and a small area in southwest Nevada as shown on the 
map. It was felt in the San Joaquin Valley as far north as Stockton and approxi 
mately to Bakersfield on the south. No structural damage was reported from the 
central area due probably to the fact that the region is very sparsely settled. In 
the mountains west of Bishop, a boulder about 6 feet in diameter was reported to 
have crashed into a house causing considerable damage. Other mountain slides 
were reported as having been seen from nearby places. It was reported that rocks 
were loosened in the Owens River Gorge and buildings and pipe lines damaged. 
In San Joaquin Valley towns in the vicinity of Fresno, pictures fell from walls in 
some cases. A strong-motion record was obtained on the accelerograph at 
Bishop.

INTENSITY vi:
Del Piedra.  Liquids spilled from indoor containers in northeast direction. 

Typewriter moved 6 inches.
Independence. Rocks loosened in Owens River Gorge with damage to buildings 

and pipe line.
Terra Bella. Small objects and furnishings were displaced and some over 

turned.
Visalia. Hanging objects swung and candles toppled from holders. Furniture 

moved slightly. Liquids spilled from containers in northerly direction.

INTENSITY v:
Cedar Grove. Felt by some outdoors; direction of motion north and south. 

Many were frightened.
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Dunlap. Small objects and furnishings displaced.
Fresno. Many objects were displaced; a slight movement of beds and other 

furniture on free-moving casters. Chandeliers swayed violently and in some 
cases dishes were broken. Occupants of tall downtown buildings reported violent 
shaking but no damage. Police were deluged with telephone calls. Trees and 
bushes were shaken slightly.

Laws. Hanging doors swung in a northeast-southwest direction. Objects on 
stove were displaced and knicknacks fell. Trees and bushes were shaken strongly.

Mammoth Lakes. Hanging objects swung and liquids spilled in indoor and out 
door containers in a northeasterly direction. Shock was preceded by a roar or 
rumble by about 2 seconds.

Mother. Hanging objects swung; pictures and mirrors were displaced. Felt 
outdoors by some. Roaring noise heard.

Pinehurst. Small objects were displaced.
Pineridge. Liquids spilled from containers in a northeast-southwest direction. 

Electric light wires were shaken.
Porterville. Chandeliers and lights swayed and some clocks stopped. Police 

headquarters had many telephone calls, some from outlying districts.
Stanislaus. Small objects were displaced.
Intensity IV: Ahwahnee, Auberry, Benton, Big Creek, Bigpine, Bishop, 

Burrel, Cathay, Cholame, Clovis, Coarsegold, Cutler, Deep Springs, Delano, 
Dyer, Nevada; El Portal, Fairmead, Famoso, Friant, Hanford, Isabella, Ivanhoe, 
Jamestown, June Lake, Kernville, Laton, Lemon Cove, Little Lake, Little Lake 
(north to Mono County), Lost Hills, Mendota, Mountain Ranch, Mount Mont 
gomery, Nevada: Miramonte, Navelencia (25 miles east of Fresno), North Fork, 
Onyx, Owenyo, Raymond, Riverdale, Sand Canyon, Sequoia National Park, 
Sonora (2 miles northeast of), Stratford, Squaw Valley, Three Rivers, Trimmer 
Springs (Forest Service), Tulare, Vestal, (4 miles northwest of Ducor), Wawona, 
Westhaven, Woodlake, Yosemite National Park.

Intensity III and under: Aroma, Avenal, Bodfish, Corcoran, Coulterville, 
Dinuba, Goshen, Groveland, Le Grand, Lindsay, Modesto, Oakdale, Oasis, Oil 
fields, Pinedale, Rector Substation (Visalia), Selma, Snelling, South Dos Palos, 
Stockton, Vernalis.

Not felt at Academy, Alpauch, Bakersfield, Bartlett, Bowler, Bridgeport, 
Byron, California Hot Springs, Coalinga, Coleville, Copperopolis, Crows Landing, 
Darwin, Ducor, El Granada, Escalon, Exeter, Firebaugh, Helm, Herndon, 
Hollister, Holt, Huron, Incline, Jackson, Keeler, Kettleman City, La Grange, 
Lathrop, Linden, Long Barn, Mineralking, Livingston, Lodi, Los Banos, Manteca, 
Milton, Mono Lake, Patterson, Peters, Pinnacles, Pixley, Planada, Pond, Porter 
ville, Randsburg, Reedley, Ripon, Saltdale, San Andreas, Sanger, Sheepranch, 
Tehachapi, Tipton, Tracy, Traner, Trona, Turlock, Vernalis, Volta, Waterford, 
Wasco, Weldon, Westend, Westley.

Not felt in Nevada at Beatty, Goldfield, Hawthorne.
December 3: 19:26.* Vicinity of Elsinore Lake about 33°40' north, 117°13' 

west, P. Felt at Hemet.
Decembers: 19:38.* Inglewood fault, 34°00' north, 118°25' west, P. Felt 

over a comparatively small land area in Los Angeles County as shown on 
map. Maximum intensity IV to V. The shock was reported heaviest in the 
western section of Los Angeles, Hollywood, Beverly Hills, and Santa Monica. 
In some places people ran into the streets. Chandeliers swaj-ed, and in a few 
places cracks were reported appearing in stucco walls and tile floors. Felt at 
Burbank, Glendale, Hollywood, La Vina, Los Angeles, Maywood, Palms, Pasa 
dena, Santa Monica, and Venice.

December 16: 2:48.* Mono County, near Benton, about 37°40' north, 
118°25' west, P. Felt in Benton.

December 17: 5:20.* San Bernardino region. Near Arlington. About 33°55' 
north, 117°29' west, P. Felt at Hemet and San Bernardino. In San Bernardino 
hanging objects swung slightly and many residents were awakened.

December 22: 19:20. San Francisco Bay area. Felt at Berkeley, Emeryville, 
Fort Baker and Fort Barry, Lafayette, Moraga, Pinole, and San Pablo. In 
Berkeley the shock was felt by nearly all. Hanging objects swung. At Fort 
Baker and Fort Barry, trees and bushes shook slightly.

Not felt at Almaden, Alameda, Alamo, Alviso, Brisbane, Colma, Diablo, Hay- 
ward, Lafayette, Los Altos, Los Gatos, Mile Rocks Light Station, Milpitas, 
Mountain View, Morgan Hill, Newark, Palo Alto, Pleasanton, Redwood City, 
San Carlos, San Francisco, San Jose, San Lorenzo, San Ramon, Saratoga, 
South San Francisco, Sunol, Sunnyvale, Walnut Creek, Warm Springs.
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December 27: 2:09.* San Bernardino Valley. Near Etiwanda, 34°08' north, 
117°32' west, P. Felt at Alta Loma, Cajon, Crestline, Pomona, and San Bernar 
dino. A distinct rumbling was heard in San Bernardino. Residents were 
awakened in all of the places listed.

WASHINGTON AND OREGON

[120TH MERIDIAN OR PACIFIC STANDARD TIME1

NOTE. More details will be found in "Abstracts of Earthquake Reports for the Pacific Coast and Western 
Mountain Region."

January 3: 6:15 approximately. Ariel Dam, Cowlitz County, and West 
Central part of Skamania County near Cowlitz County line, in Washington. 
Slight shock felt.

January 6: 5:11.* Puget Sound region. Epicenter probably in Puget Sound 
about 10 miles northwest of Seattle. Strongest at Kingston, Port Orchard, and 
Seattle. Recorded lightly on the seismograph at the University of Washington in 
Seattle. Many were awakened and some frightened. Loose and hanging objects 
were displaced. Also felt at Coupeville, East Concrete, Everett, Hartford, Nis- 
qually entrance to Rainier National Park, Possession, Sedro-Woolley, Skykomish, 
and Yacolt.

Not felt at Aberdeen, Anacortes, Ariel Dam, Arlington, Bellingham, Blaine, 
Buckley, Cathlamet, Cedar Falls, Centralia, Chimacum, Clallam Bay, Clearwater, 
Darrington, Forks, Friday Harbor, Glacier, Grapeview, Grays Harbor, Hoquiam, 
Kalama, Kent, Kosmos, La Grande, Lester, Longmire, Longview, Moclips, 
Monroe, Mount Baker Lodge, Naselle, Oakville, Olga, Olympia, Packwood, Park 
way, Port Angeles, Prindle, Randle, Raymond, Rockport, Landsburg, Satsop, 
Scenic, Shelton, Snoqualmie, South Bend, Stabler, Tacoma, Vancouver, Vashon 
Island.

April 29: 21:35, about. Arlington, Wash. Moderate shock. Furniture shaken.
May 9: 1:00. Walla Walla, Wash. Very slight.
May 24: 9:42. Walla Walla, Wash. Two slight abrupt tremors a short interval 

apart.
May 28: 2:14.* Probably off coast of northern part of Coos County, Oregon. 

At Gardiner trees and bushes were shaken. At North End small objects and 
furnishings moved and pictures fell. Many were awakened. Also felt at Alle- 
gany, Booth, Charleston, Cooston, Empire, Marshfield, Powers, Reedsport, Port 
land, and Westlake. Nearly all of these places are in Coos County.

Not felt at Arago, Broadbent, Bullards, Camas Valley, Cushman, Elkton, 
Florence, Langlois, McKinley, Myrtle Point, Port Orford, Siltcoos, Sitkum, 
Summer, Umpqua, Winchester Bay.

July 22: 18:50. Astoria, Oregon, and southwest section of Pacific County, 
Wash. Moderate shock, rattled dishes and frightened a few residents. One 
observer noted freshly fallen rocks from seal cliff at 19:00.

August 11: 10:52. Milton, Oregon. Trees and bushes shaken slightly.
October 27: 15:10. Dry Creek and Milton, Oregon. Slight shock. Trees and 

bushes shaken at Dry Creek.
ALASKA

[150TH MERIDIAN TIME]

Year 1938: Fairbanks. Aftershocks, presumably of the destructive earth 
quake of July 22, 1937, were reported on January 25, 28, and 30; February 2, 4, 
5, 6, 7, 9, 17, 24; March 6 (sharp shock at 7:36); May 3; June 2, 5, 8, 9, 27; July 
22; August 28; September 11, 13 (four shocks), 24, 25, and 26; November 16, 24; 
December 8, 9, 18, 29, and 30 (four shocks). Nearly all of these aftershocks were 
light, seldom exceeding intensity III. A few of the stronger ones were also felt 
at nearby places.

February 24: 22:50 and 23:26. Anchorage. Slight shocks.
February 26: 0:50 and 5:22. Anchorage. Slight shocks.
March 17: 8:01 and 10:29. Anchorage, slight shocks.
March 23: 4:23. Juneau. Slight shock.
April 15: 18:47. Juneau. Slight shock.
April 18: 13:24. Juneau. Slight shock.
June 11: 9:18. Juneau. Slight shock.
November 10: 10:18.* Strong submarine earthquake south of Alaska penin 

sula and east of Shumagin Islands. Epicenter 55.2° north, 158.5° west. Re 
corded instrumentally all over the world. On the nearby Alaska peninsula little 
or no damage was reported, but this territory is largely uninhabited. The highest
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intensity reported was VI at False Pass, Unimak Island. It was felt also at 
Port Miller and Anchorage. Port Miller reported aftershocks at 14:15 and 
16:00.

The feature of the earthquarke was the seismic sea wave which was registered 
on tide gages at Sitka, Dutch Harbor, Seward, Alaska, and Honolulu, T. H. 
Reproductions of the marigrams showing the tidal wave characteristics are 
shown in figure 8.

November 14: 23:40. Port Molar, Alaska peninsula. Slight shock.
December 30: 2:15. Anchorage. Slight shock.

HAWAIIAN ISLANDS

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the stronger ones 
are listed. Reports of the Hawaiian Volcano Observatory under the jurisdiction of the National Park 
Service a;ive all details. "TTVO" indicates that the epicenter given was determined by the Hawaiian 
Volcano Observatory.

January 9: 15:17.* Near Kilauea Volcano, Hawaii. 19°24.8' north, 155° 
15.2' west, HVO. Felt by many at C. C. C. camp, on southeast rim of Kilauea 
crater, and by several near the National Park headquarters.

January 22: 22:03.* A strong submarine earthquake off the north coast of 
Maui was felt throughout the Hawaiian Islands and caused considerable damage 
on Maui. Maximum intensity VII to VIII. Damage was estimated at $150,000. 
A few persons were injured by land slides.

The epicenter as located from instrumental data from nearby and distant 
stations is a point about 40 miles east of the Island of Molokai and about 120 
miles from Honolulu and Hilo. The computed coordinates are 21.2° north, 
156.1° west. If the shock had occurred on land the affected area would have been 
approximately 250,000 square miles.

No tidal wave occurred. Among the unusual phenomena reported were flashes 
of light in the sky before and during the earthquake. Some reported flashes 
after the shock and one observer reported seeing a meteor fall.

In the following description of the earthquake the information will be given 
according to the effects in the various islands in the following order: Maui, 
Molokai, Lanai, Hawaii, Oahu, and Kanai. A detailed report on the earthquake 
will be found in The Volcano Letter of the Hawaiian Volcano Observatory for 
March 1938.

Island of Maui. Report prepared in the office of the local engineer gives the 
following information on damage to roads, waterworks, and pipe lines on the 
Island. Landslides occurred in the Lahaina Pali section, on the road between 
Hono Kahua and Hono Kahau, on the Kahakoloa Road, along the Hana belt 
road from Kapiki gulch to Waikane bridge beyond Wailua, on the Kipahulu- 
Kaupo trail, on the Ulupalakua Road towards Kanaio, and on the road to the 
Waiiakamoi intake. In many cases the roads were blocked and emergency 
crews worked day and night to clear them. There were many bad cracks in 
the road beds all over the Island, and occasionally boulders rolled into the roads.

The Olinda reservoir was so badly cracked that its capacity dropped from 8 
million gallons to 1 million gallons. The steel storage dam on the Wailuku- 
Kahului line was damaged. Pipe lines broke and water washed out the founda 
tion causing the ta.nk to buckle. The Kaupo water line was broken and buried 
under large slides. About 250 feet of pipe on the Lahaina intake were broken 
by a big rock slide. The Kaupakulua water tank was demolished due to faulty 
turnbuckles, but the wooden sections of the tank were not damaged. A wooden 
flume at Waiakamoi intake was demolished. There was considerable damage of 
similar nature at other places in the Island. Residents were warned to boil all 
water used for drinking purposes. At Hamakuapoko some jewels and ornaments 
were thrown to the floor and broken. Cracks appeared in an old stone stable. 
There was general panic.

At Hana a landslide occurred on the north side of Kanai Hill which is the 
remains of an old cinder cone 390 feet high. One chimney fell and a transformer 
was dislodged from a telephone pole. Many loose objects fell and some plaster 
was thrown down. A large well-built cistern was broken. Valves in Hana 
storage tanks broke, causing considerable loss of kerosene. Many were panic 
stricken as crowds rushed from theatres. Flashing lights were seen by many 
immediately after or during quake, brilliant as lightning but steadier.

At Kailua some chimneys were cracked and plaster fell. A few windows were 
broken and concrete steps cracked.

At Keanae light fixtures swung and dishes and supplies were thrown to the 
floor. At Kihei there was visible swaying of trees and general alarm, no damage.
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At Kula cracks appeared on the Heleakala road, the widest being 1% inches. 
There were landslides on the road to Hana. Pipe lines running in all directions 
were damaged. Windows were broken and walls cracked. Many vases, dishes, 
etc., fell from shelves. Pictures fell in a few instances. Small slides were re 
ported on nearby roads.

At Lahaina the water reservoir was cracked and the main waterline damaged 
by landslides. Some damage was done in a fruit orchard through falling boulders, 
one of which penetrated a caretaker's house several inches. One chimney fell 
and a few walls were cracked. Some plaster was thrown down. Water in aqua 
rium spilled over and many loose objects were displaced. Chairs, pianos and ice 
boxes were reported to have moved from 6 inches to 1 foot.

At Paia: "Except for a book, a picture, a globe, and two dishes found on the 
floor, and a small chip out of the concrete around the fireplace opening, there 
were no signs of a disturbance. Small objects on shallow shelves and table 
lamps were unmoved."

At Sprecklesville much china and glassware was broken, in one case the loss 
amounting to about $25. Water pipes were broken and a few chimneys fell. 
Landslides occurred on the nearby roads. A few plate glass windows were broken, 
power lines were damaged, and some bridges cracked. General alarm prevailed.

At Pauwela Point Light on the east side of Kahului Harbor, a flange casting 
on the lantern footing cracked but the light still operated. Water tanks shifted 
on foundations. Keeper reported that motion was so strong he could hardly 
stand. Ground nearby cracked and there were some slides.

At Wailuku there was considerable damage to the county water system as 
previously stated. A new grade crossing elimination structure apparently 
settled, cracking the road, throwing the sidewalk out of line and cracking the 
concrete guard rail and masonry abutment. There was slight damage to the 
Kress store and to the Wailuku Armory, both new structures. In some instances 
plaster was shaken loose and cornices damaged. Two fishermen were partially 
buried by a land slide at Maliko gulch but suffered only minor bruises. Crowds 
rushed from theatres and many left their homes, some panic stricken.

Island of Molokai. At Kalaupapa cracks appeared in the walls of the Kalawao 
Catholic church. Six breaks in 8-inch pipe line along base of Waikolu Pali were 
caused by falling boulders. Several landslides were reported. There were no 
reports of displaced objects.

At Kaunakakai one steel 4-inch pipe was pulled apart at one point and dam 
aged at several joints. Several empty pop bottles fell over on floor. Felt by 
everyone except those in moving automobiles. School clocks stopped at 10:05.

At Mahalehua light objects were displaced in east-west direction; standing 
plates rolled east to west. A small amount of soil fell from cliffs along nearby 
roads. Only a few were alarmed.

At Molokai Light Station (largest United States light in the Pacific) the mech 
anism was deranged and the light was out about 15 minutes. One and one- 
half quarts of mercury were thrown out of mercury vat. Dishes rattled. 
Landslides occurred about 4 or 5 miles southeast of the station.

At Puuohoku Ranch cement floors cracked in several range buildings, and all 
jars, tins, etc. fell from shelves in the ranch store in all directions. Some large 
stones fell on nearby roads. There was general alarm.

Island of Lanai. Slides generally occurred on bare spots with no vegetation 
or very little. Fishermen on windward side reported seeing first a bright flash 
between Maui and Molokai seaward, then sea surface assumed a gelatin-like 
appearance with ripples moulded in after which quake was felt. The sea was 
calm before the quake. In the town some glass was broken and chips were 
knocked from a few fireplaces. In some cases stock on the shelves of stores was 
thrown over. Bottles were thrown off shelves in a number of houses. Pictures 
on walls were displaced. Many rushed outdoors and there was general alarm.

Island of Oahu. At Barber's Point Light Station. Swaying motion felt but 
no damage to the station.

At Honolulu light boxes and some crockery were jarred from shelves. In a 
building of the University of Hawaii some plaster fell and old cracks appeared to 
have widened considerably. Some organ pipes at the Central Union church 
were thrown out of their sockets. There was considerable excitement and some 
alarm. The seismograph at the University of Hawaii was dismantled.

At Makapuu Point Light and Radio Beacon Station several minor cracks 
appeared on plaster walls and two storm panes of tower lantern cracked. All 
occupants of buildings rushed outside.
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At Kaneohe some plaster fell from buildings and dishes were broken. Drop- 
lights swayed. Many were alarmed.

At Waipahu canned goods and other loose objects were displaced. A 6-inch 
pendulum clock stopped. Telephone wires were observed swaying. Many were 
awakened and alarmed but those walking outside failed to notice the shock.

At Wahiawa one loose object fell from moulding on a wall and a few other 
loose objects were disturbed. Nearly all residents ran outdoors.

Island of Hawaii. At North Kohala small landslides occurred in road cuts 
along ocean cliffs and one crack appeared in the ground at the edge of Pololu 
Valley. Slight cracks appeared in one building. Some cement poles were 
chipped, and one old flume fell. Dishes were broken, some chandeliers fell, and 
refrigerator doors opened. A few were alarmed.

At Kauholo Point Light Station a few plates and kitchen utensils fell over but 
were not broken. Along the Hamakua coast landslides were reported between 
Laupahoehoe and Hakalau. The shock was felt by everyone.

At Honomu all loose objects including a piano moved back and forth. Resi 
dents more excited than alarmed.

At Hilo ornaments in some homes were broken and furniture disarranged. 
Lights swayed, windows rattled, and pictures were displaced. Buildings and 
trees swayed visibly. There was general alarm.

At Kahoolawe a pipe line was broken by a small landslide and a cistern was 
cracked. There was visible swaying of trees. At the Cape Kumakahi Light 
Station the shock was noticed by only a few.

At Kalae Light Station the motion was observed by only one person. At the 
Hawaiian Volcano Observatory, some of the seismographs were dismantled.

Island of Kauai. At Lihue a swaying motion was felt by many. Cracks were 
reported to have appeared in a plantation store.

At Kilauea Point Light Station it was felt by the station personnel.
At Waimea a 6-inch drop cord and shade swayed about 3 inches in an east- 

west direction. The shock was observed by most of the population and many 
rushed to the streets.

At Sea. The shock was felt distinctly by two vessels the American steamer 
President Coolidge in latitude 22°53' north, longitude 155°19' west, and by the 
American steamer Montebello in latitude 22°20' north, longitude 155°34' west. 
Both of these vessels were en route from Honolulu to California.

See also effect on ocean surface reported by fishermen on windward side of 
Lanai, page 29.

February 17: 2:18.* Mauna Loa, Hawaii. Near Puu Ulaula, 19°33.0' north, 
155°27.0' west, HVO. Felt strongly in Kona, and Hawaii National Park. 
Felt slightly by many in Hilo.

February 28: 21:40.* Kilauea Crater, Hawaii. 19°24.8' north, 155°17.1' 
west, HVO. Felt in park headquarters area.

March 3: 15:00. Honolulu, Oahu. Slight shock felt in widely separated parts 
of city not recorded on seismograph at University of Hawaii.

March 7: 5:56.* Mauna Loa, Hawaii 19°42.0' north, 155°32.0' west, about 8 
miles southwest of Hilo, HVO. Felt in Hilo, Kona, and Hawaii National Park.

March 21: 17:30.* Ewa, Oahu. Felt near United States Coast and Geodetic 
Survey magnetic observatory and recorded at Honolulu.

May 28 and 29: A large number of moderate and slight earthquakes were 
reported beginning at 6:32 on the 28th. In Hawaii National Park in Kilauea 
Military Camp some reached an intensity of IV to V.

July 2: 14:20.* Hawaii, 6 miles southeast of Volcano observatory. 19°23.0' 
north, 155° 11.5' west, HVO. Felt at Kapapala and in National Park area.

October 25: 12:18*. Hawaii, 18 miles south southwest Hilo, 19°27.8' north, 
155°09.5' west, HVO. Felt by many in Hilo and by few in Hawaii National Park.

October 27: 18:11.* Hawaii, near Hualalai, 19°42.0' north, 155°50.2' west, 
HVO. Felt by many in Kona and at Naalehu.

PHILIPPINE ISLANDS

[120TH MERIDIAN (EAST) TIME]

KOTE. In the case of these islands with their many minor earthquakes, only the stronger ones are listed. 
Reports of the Weather Bureau of the Philippine Islands give all details. Instrumental times given below 
are arrival times of the first preliminary tremors recorded at Manila unless otherwise stated. The intensities 
are according to the R-F scale. Practically all of the information given in this report is taken from the 
seismological reports of the Weather Bureau of the Philippine Islands.

January 12: 21:40.* Virac, Cataduanes, intensity V.
January 19: 4:49.* Southeast Luzon. Virac, IV; Capalonga, III.
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February 5: 5:56.* S. Luzon. Epicenter in region of Cataduanes Island. 
Virac, VI; Legaspi, V; Daet, Sorsogon and Antimonan, IV.

February 23: 8:55.* Central Luzon, 16.2° north, 120.5° east, according to 
the Manila Observatory. Felt over a radius of about 100 kilometers.

March 11: 0:23.* Eastern Mindanao, epicenter in southern part of Philip 
pine Deep according to the Manila observatory. Felt strongly at Santa Cruz 
and Davao, and lightly at Port Lamon and Lingiz in Gurigao.

May 23: 16:23.* Off Luzon in the China Sea. Felt very strongly at Vatac. 
V at Vigan, IV at Laoag. Felt slightly in Ambulong and also in Hong Kong, 
China.

June 27s 4:35.* Samai, Calbayog, IV.
July 25: 5:43.* Luzon and Samar. VI to VII at Calbayog; III in Bulan, 

Legaspi, Sorsogon and Tabaco.
August 29: 11:23.* Southeast Luzon and Visayan Islands. Epicenter in 

Samar Sea near the south end of Masbate, 12°05' north, 124°05' east according 
to the Manila observatory. VII to VIII in Cataingan, VI at Calbayog and IV 
to V in Segaspi.

November 13: 12:55. Mindanao, Samar, and Leyte. Epicenter in the 
Philippine Deep according to the Manila observatory. V at Dapa and Butuan.

PUERTO RICO

[60TH MERIDIAN TIME]

. December 1: San Juan. Slight shock.

PANAMA CANAL ZONE

[75TH MEKIDIAN TIME]

NOTE. Instrumental times given below are the arrival times of the first recorded phases on the seismo 
graph at Balboa Heights unless otherwise stated.

February 4: 21:25.* Balboa Heights, II. Slight damage reported in Cali, 
Colombia.

May 12: 2:36.* Balboa Heights. Intensity I or less.
May 21: 2:44.* Intensity III in Canal Zone and Panama. No damage.
August 4: 11:07.* Cristobal, II.
August 22: 11:30.* Pacific Side of Canal Zone, II.
August 31: 23:21.* Balboa Heights, III. Felt generally throughout Canal 

Zone.
October 27: 13:14.* Balboa Heights, I-II.

MISCELLANEOUS ACTIVITIES
GEODETIC WORK

During the year 1938 triangulation and traverse were executed in 
five different localities in California for the investigation of earth 
movements. Three of these projects, in the vicinity of Maricopa, 
Gorman and Palmdale, consisted of triangulation and traverse. 
Bench marks which had been established previously were used as 
traverse stations. These bench marks were closely spaced and located 
on both sides of the fault zones. The traverse stations were connected 
with adjacent triangulation stations by short arcs of triangulation 
A similar project was started in the vicinity of Brea but was not com 
pleted. Here the triangulation observations were made but no 
traverse was done. Reconnaissance was done in four other areas, in 
the vicinity of Cajon Pass, Whitewater, Moreno and Inglewood but 
no observations were made. Reobservations were made from Point 
Reyes to Petaluma along the arc of triangulation which had been 
established in 1930 for the study of earth movements.

The adjustment of these arcs of triangulation has not been com 
pleted and final adjusted positions are not yet available.
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Figure 8. Tracings of marigrams showing seismic sea waves at time of Alaskan earthquake of Novem 
ber 10,1938.
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TIDAL OBSERVATIONS

The following data on seismic sea waves during 1938 were obtained 
from the marigrams of the Coast and Geodetic Survey and reported 
from miscellaneous sources.

March 6: 15.5h local time. Waves of 30-minute period and range 
of 1.5 to 2.0 inches were recorded on the Honolulu tide gage. Epi 
center 8° south, 165° east, in the Solomon Islands region.

March 22: About 3 hours after a strong earthquake in the Queen 
Charlotte Islands of the coast of British Columbia, a weak seawave 
was apparently recorded on the tide gage at Santa Monica, Calif.

May 19: Waves 2 to 3 meters high were observed in the Strait of 
Macassar, and oscillations of about 3-inch range were recorded on the 
gage at Santa Monica, Calif. Epicenter 1° north, 119° east.

November 10: 20:18 G. C. T. Submarine earthquake off south 
coast of Alaskan Peninsula. Epicenter 55.2° north, 158.5° west. 
Well recorded oscillations were registered on the tide gages at Seward, 
Dutch Harbor, Sitka, Honolulu and Santa Monica. Tracings of the 
records are shown in Figure 8 for all stations except Seward where the 
gage was not operating until after the arrival of the waves.

The (1) Greenwich Civil Times of arrival, (2) epicentral distances, 
and (3) average velocities of the waves from epicenter to station, are 
as follows:

Dutch Harbor, 22:30 G. C. T., 340 miles, 155 miles per hour. 
Sitka, 22:40 G. C. T., 900 miles, 390 miles per hour. 
Santa Monica, 25:20 G. C. T., 2425 miles, 485 miles per hour. 
Honolulu, 25:20 G. C. T., 2390 miles, 480 miles per hour.

The path to Dutch Harbor was through water 80 fathoms or less in 
depth and obstructed by many small islands.

HYDROGRAPHIC WORK

Four shocks were reported felt by vessels of the Coast and Geodetic 
Survey. See California shock of September 11.

In connection with offshore seismic activity in the vicinity of Cape 
Mendocino, California, early hydrographic surveys indicated a vertical 
submarine scarp running east and west near the cape. This has been 
confirmed by recent surveys which reveal a definite scarp in about 
latitude 40°i8' north.

SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated, 
together with epicenters based on the published data and instrumental 
results received from seismological stations in all parts of the world. 
These reports will be furnished upon request to the Director of the 
Bureau.



34 U. S. COAST AND GEODETIC SURVEY

Instrumental results are published for the following observatories:
Huancayo, Peru (Carnegie Institution 

of Washington).
Montozuma, Chile (Smithsonian Insti 

tution).
Philadelphia, Pa. (The Franklin Insti 

tute) .
Salt Lake City, Utah (University of 

Utah).
San Juan, P. R.
Seattle, Wash. (University of Washing 

ton) .
Sitka, Alaska. 
Tucson, Ariz.
Ukiah, Calif. (International Latitude 

Observatory).

Balboa, Canal Zone (The Panama Canal).
Bozeman, Mont. (Montana State Col 

lege) .
Burlington, Vt. (University of Vermont).
Butte, Mont. (Montana School of 

Mines).
Chicago, 111. (University of Chicago and 

United States Weather Bureau).
College, Alaska (University of Alaska).
Columbia, S. C. (University of South 

Carolina).
Des Moines, Iowa (Private station, M. 

M. Seeburger, Director).
East Machias, Maine (Massachusetts 

Institute of Technology).
Honolulu, Hawaii (University of Ha 

waii) .

San Juan, Sitka, Tucson, and Ukiah are Coast and Geodetic Survey 
stations; Bozeman, Butte, Chicago, College, Columbia, Honolulu, and 
Salt Lake City are cooperative stations; Balboa, Burlington, Des 
Moines, East Machias, Huancayo, Montezuma, Philadelphia, and 
Seattle are independent stations. All readings are made or revised 
at the Washington office except those for Balboa.

The epicenter results for 1938 are not available as this publication 
goes to press but it is expected that they will be published in "United 
States Earthquakes, 1939."

The following table shows the epicenter results for 1937 which were 
incomplete at the time the 1937 publication, Serial 619, went to press.

TABLE 1. Summary of instrumental epicenters for 1937

1937

Do--,...
Jan. 7.     .

Do   ..
Jan. 11 .
Jan. 23.. _.

Feb. 4   . -
Feb. 7 .... _

Feb. 17-..
Feb. 19 .. --_ 
Feb. 21    -

Do   
Feb. 22-.-...

Do _-....
Do...--.,

Feb. 23-- 
Feb. 27 --.-
Mar. 2__... .
Mar. 5_ ., .

Mar. 8--..
Mar. 9.._.__ _

Do   
Mar. 14..- . 
Mar. 16--.... 
Mar. 17-.

Greenwich 
civil time 
at origin

h m 
22 33. 6 
11 09.2 
21 37.9 

6 11.9 
13 20. 5 
13 21.2 
10 55.8 
6 34.0 

10 32. 8 
4 41.6

9 15.3 
9 09 
6 02.6 

22 28. 9 
1 18.4 
2 54.0 

13 24. 0 
0 48.2 
1 15.6 

14 47. 6 
14 47

10 31.2 
5 44.7 

15 40 
11 55.9 
15 45. 8 
13 59.8

Region and focal depth

Pacific Ocean off Vancouver Island. Depth normal . . 
Off Eureka, Calif. Depth normal. See Berkeley re 

port.

Pacific Ocean off northern Japan. Depth normal--... 
-.-.do- ----------- -------------------------------
Pacific Ocean off west coast of Mexico. Depth normal

Pacific Ocean off northern Japan. Depth normaL....

Monterey Bay (Calif.) region. By Berkeley and 
Pasadena. 

San Francisco Bay area. By Berkeley and Pasadena -

Pacific Ocean off Costa Rica. Depth normal. ..   __

Coordinates of provi 
sional epicenter '

Latitude

17.8 N. 
27.5 N. 
31 N. 
38. 5 N. 
35. 5 N. 
16.0 N. 

6 N. 
10.1 S. 
49.0 N. 
40.4 N.

43 N. 
38.3 N. 
44. 3 N. 
43 N. 
17 N. 
45.3 N. 
44. 3 N. 
44. 2 N. 
37 N. 
40.4 N. 
36.7 N.

37.8 N. 
40.4 N. 
9.1 N. 

25.0 S. 
17.9 N. 
8.8 N.

Longitude

105. 0 W. 
139.0 E. 
132 E. 
142.2 E. 
98.0 E. 
93. 9 W. 

154 E. 
163.0 E. 
129. 0 W. 
125. 1 W.

150 E. 
118.3 W. 
150.0 E. 
148 E. 
104 W. 
148.0 E. 
149. 5 E . 
149. 5 E. 
142 E. 
84. 2 W. 

121. 7 W.

122. 2 W. 
84. 1 W. 
83. 1 W. 
69. 5 W. 

121.0 E. 
84.0 W.

1 In some cases, Pasadena epicenters for instance, the locations and origin times are known much more 
accurately than indicated in this table. See text in "United States Earthquakes, 1937" and the monthly 
instrumental reports for further details.
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TABLE 1. Summary of instrumental epicenters for 1937  Continued

1937

Mar. 19_--__
Mar. 23......

Mar. 25..--..
Do......

Mar. 26___. .
Mar. 29......

Do ......
Do  -

Apr. \. .......
Apr. 3 _ ------

Apr. 13   
Apr. 16   

Apr. 20....._.
Apr. 29   -

Do    .

Do   

May 9_ _ ...
May 12__   
May IS..-..

May 16-__ 
May 21--....

May 23__- 
May24. ....

May 28-.  
Do   -
Do   -

May 29- .-..
May 31-.. 

June 13   

Do.    

Do  _-__
Do   

July 1   -_---
Do-.    -
Do.-   ..
Do... .--.

July 2. ___-..-

July 4---. .
July 8-    
July9  _  
July 11   ___
July 18.   
July 19   -.
July 22__. ..-.
July 25-.---.
July 26  ... .

Do  ....
July 31--....
Augl.    

Do    
Aug 2_ .   _...

Do  -

Aue 5. .-. -

Greenwich 
civil ti;ne 
at origin

h m 
18 12. 0
0 44.4

16 49. 2
20 04
21 09. 1

6 18.8
7 49.8

12 07.6
17 20. 6

3 52

6 56.6
5 08.5
3 01.6

15 24
18 11.5
18 52. 6

20 18. 9
12 21.3

5 08.9
21 15.5
14 10.9
14 46.7
2 45.0
9 18.3

10 26.6
11 38
13 12. 2

8 12.4
0 40.5

2 42.7
15 36. 0
19 56. 1

2 00.1
15 31.9
21 03.9
4 03.2

22 29.5
23 23. 8
12 30. 8
13 10.3
9 07.5

17 07.4
15 13.0

3 26.8

13 11.6
20 00.0

6 00.9
9 54. 7

11 49.7
14 53.5
2 36.9

5 55.1
12 51.1
17 27.8
17 19.4

1 01.3
19 35.4
17 09.6
13 12.9

3 47.2
19 56. 5
20 35.
10 06.7
10 41.0

3 26.9
15 45.7
22 35.2
14 43.8

Region and focal depth

La Sarena and Coquimba, Chile. Depth nearly 80 km 
Pacific Ocean between Easter Island and Chile. 

Depth normal.

do

Pacific Ocean southwest of Samoa. Depth normal--. _ 
Probably in region of Caroline Islands in western 

Pacific.

Near Panama-Costa Rica border. Depth normal- .... 
Near Tonga Islands in South Pacific. Depth about 

300 km.

Pacific Ocean, south of Alaska peninsula. Depth 
normal. 

Siberia. Depth near 350 km. ......... __. ..
Pacific Ocean south of Easter Island. Depth normal-

Pacific Ocean in Mariana Islands. Depth near 250 km.

North coast of New Guinea. Depth about 120 km. _

Southwestern Colombia, near Ecuador border. Depth 
normal.

Pacific Ocean, region of Galapagos Islands. Depth 
normal.

Bonin Islands, western Pacific Ocean. Depth about 
500 km. 

.. .do.   ............... ........ ......................

Near Mexico-Guatemala border. Depth about 160 km 
Near west coast of Mexico. Depth normal. .. .... ._.

....do   __       _       _     _.    __.-

South of Fiji Islands. Depth about 630 km. ......._..

Probably off west coast of Mexico, south of Lower 
California.

Atlantic Ocean southwest of Azores. Depth normal. .

Queen Charlotte Islands, south Pacific Ocean. Depth 
normal. 

Solomon Islands. Depth normal. . ... ------- . ..

Near Nicobar Islands, Bay of Bengal. Depth normal  
Off east coast of New Guinea. Depth normal __ ..--

Coordinates of provi 
sional epicenter

Latitude

30.4 S. 
36. 5 S.

33. 5 N. 
33. 5 N. 
40.6 N. 
8.9 N. 

16.6 S. 
4.5 N. 

15 S.

1.1 S. 
8.7 N. 

20.5 S.

33.9 N. 
56.4 N. 
54.3 N.

46.2 N. 
33.5 S. 
59. 5 N. 
17.1 N. 
54.7 N. 
44.8 N. 
4.0 S. 

18 N.

2.3 N.

3.1 S.
3 N.

15.0 N. 
17. 5 N. 
24.7 N.

25 N. 
6.7 S. 

18.6 N. 
5 N. 

16.2 N. 
15.5 N. 
22 S. 
20.8 S. 
41.1 N. 
25. 8 S. 
8.3 S.

8.2 N. 
35. 5 N.

2.5 N.

13 S.

8 S. 
2.3 N. 

15 S. 
20. 5 N. 
54 N. 
1.7 S. 

64.4 N. 
 0.0 N. 
18. 5 N. 
38. 6 N. 
35 N. 
25 N. 
35 N. 
4.7 S. 

48. 7 N. 
4.7 N. 
5.2 S.

Longitude

70. 8 W. 
97. 8 W.

116.6 W. 
116.6 W. 
127 W. 
83. 6 W. 
71.1 W. 
83. 0 W. 

173 W.

133.2 E. 
82.9 W. 

177. 6 W.

117.5 W. 
32. 1 W. 

161.5 W.

136. 9 E. 
106. 5 W. 
151 W. 
145.0 E. 
162 W. 
149.1 E. 
145.0 E. 
105. 5 W.

78. 1 W.

28. 5 W. 
95 W.

60.5 W. 
92.8 W. 

142. 1 E.

142 E. 
154.0 E. 
108.6 W. 
92 W. 
87. & W. 
98. 0 W. 

171 E. 
169.9 E. 
120.0 W. 
178.0 E. 
79. 8 W.

84. 0 W. 
35.9 W.

96 E.

165 E.

162 E. 
84.4 W. 
71 W. 

108. 5 W. 
165 W. 
75.2 W. 

145. 5 W 
151. 5 W. 
95. 7 W. 

151.8 E. 
116 E. 
110 W. 
115 E. 
73 W. 

155.4 E. 
94.6 E. 

150.6 E.
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TABLE 1. Summary of instrumental epicenters for 1937 Continued

1937

A tiff Q
Do ....

Aug. 10. ....
Aug. 11--   .

Aug. 15.--  

Aug. 17.---

Do.......

Aug. 22____._

Aug. 24......
Do   ...

Aug. 26__   _
Do ...

Do-
Do..  

Sept. I... _  
Do   
Do   ...
Do   

Sept. 2_______

Do..  
Sept. 7  ____

Do ... ...
Sept. 8 ......

Do   ...
Sept. 9.   ...
Sept. 15   

Do. .....
Do.... 
Do -...

Sept. 17......
Sept. 20......
Sept. 21 . ..

DO
DO -----.

Sept. 22   

Sept. 23.   ..
Sept. 24    
Sept. 25......

Do    
Do    
Do ......

Sept. 27.--.
Sept. 28   

Do   ..
Do   

Sept. 29......

Oct. I..... ...
Oct. 2 .....
Oct. 3_._. . 
Oct. 4. ------
Oct. 5_.___ ...
Oct. 6  ... _.

Do... ____
Do.......

Oct. 11    

Do..  
Oct 12 ----
Oct. 17......
Oct. 20.-..-
Oct. 23. ......
Oct. 24-  

Do . 
Oct. 25.-.. _

Do.--....

Greenwich 
civil time 
at origin

h m 
14 39. 6 
19 18.9 
16 06. 2 
0 55.9 

11 47.7 
4 27.2

13 10.2 
15 06. 4 

6 37.9 
11 59. 3 
23 02 
11 31.7

18 27. 9 
20 13. 5 
11 25.7 
18 54.2 

2 28.9 
6 48.2 

14 15. 2 
8 38.8 

16 35 
17 24.3 
21 41.2 
12 21 
18 48.1 
3 39.6 
6 14.3 

22 33.9
90 110

0 40.1

16 10.5 
5 29 
0 50.3 

12 27.5 
19 30.0 
23 48. 8 

9 30.9 
7 03.8 
7 46.8 
9 39.8 

21 03. 6 
3 12.0

13 06. 0 
2 40.2 
4 29. 8 
7 28. 0 

15 05 
15 10 

5 51.8 
8 55.2 
2 29.4 
6 20.8 

18 19.4 
11 30. 3 
21 34. 1 
19 16. 6 
16 22.4 
3 38.0 
7 40.5 
6 21.6 
9 47.2 

17 04.7 
21 47.5

21 24.2

15 59.8 
20 50.7 

4 46.7 
5 47.5 

16 53.4 
11 36. 2 
14 12. 4 
10 33.1 
23 20.6

Region and focal depth

East of Java. Depth 600 km___... ________ _ _________

Northern Luzon, P. I. Depth normal. By Coast and 
Geodetic Survey.

Atlantic Ocean off northeastern Brazil. Depth nor 
mal.

Pacific Ocean near Kermadec Islands. Depth normal

Lower California. By Pasadena .___     ___     -__

___ do._           -   ___     _._        
Sandwich Islands, South Atlantic Ocean. Depth 

about 150 km.

Philippine Islands; felt in southeastern Luzon. By 
Manila.

Gulf of California. Approximate location by Pasadena. 
.. --.do. -.-.-. _ -.   - -   _-.-      -_   -      

Near Tonga Islands. Depth normal--   .   __   ...

Atlantic Ocean east of Pernambuco, Brazil. Depth 
normal. 

South Pacific Ocean between Easter Island and Chile. 
Depth normal.

Pacific Ocean southeast of Japan. Depth normal. ....

Off North Island. New Zealand. Depth normal......

Kurile Islands. Depth normal ................ ._...

Coordinates of provi 
sional epicenter

Latitude

28 N. 
28. 0 N. 
10.1 N. 
7.0 S. 

57 S. 
19. 4 N.

30 N. 
0 

28 S. 
14. 2 N. 
31 N. 
6.6 N.

17.4 S. 
4.8 N. 

27.2 S. 
31. 2 N. 
13 S. 
20. 1 S. 
26. 5 N. 
32 S. 
34. 1 N. 
16 N. 
34.0 S. 
32. 5 N. 
52 N. 
0.5 S. 

17 S. 
31. 7 N. 
31.1 N. 
55 S.

0 N. 
5 S. 
1 S. 

10.3 S. 
10 S. 
14 N. 
57 S. 
18. 4 N. 
21 N. 

2 N. 
60 N. 
12.0 N.

6 S. 
8 N. 

45. 9 N. 
11 N. 
29 N. 
29 N.

3 1 <3

9.4 S. 
58. 6 N. 
14 N. 
14. 7 N. 
49. 6 N. 
21.3 S. 
22.2 S. 
14.7 S. 
12. 1 S. 
26.8 S. 
24 N. 
17. 7 N. 
7.0 S. 
9 S.

29 S.

13. 3 N. 
26.2 S. 
28. 5 N. 
13.3 N. 
37. 4 S. 
61 N. 
22.5 S. 
43 S. 
49 N.

Longitude

139 E. 
141.2 E. 
86. 0 W. 

116.1 E. 
130 W. 
122. 2 E.

139 E. 
30 W. 
68 E. 

122. 1 E. 
143 E. 
35. 7 W.

172. 1 W. 
88. 7 W. 
66. 3 W. 

131.8 E. 
167 E. 
72. 2 W. 
97 E. 

179 W. 
117.6 W. 
94. 1 W. 

176. 8 W. 
115. 6 W. 
178 W. 
80 W. 

173 E. 
113.6 W. 
113. 1 W. 
29 W.

81 W. 
84 W. 
82 W. 

161.8 E. 
113 W. 
91.6 W. 
26 W. 

105. 5 W. 
102 E. 
126. 7 E. 
174 E. 
124.0 E.

153 E.
75 W. 
25. 0 W. 
85 W. 

115 W 
115 W. 
77. 6 W. 

110. 2 E. 
137. 7 W. 
91. 4 W. 
92 W. 

128.4 W. 
176. 3 W. 
175 W. 
69. 9 W. 

175 W. 
163. 1 W. 
110 W. 
98. 5 W. 

153. 8 E. 
22 W.

93 W.

92.0 W. 
69. 8 W. 

139 E. 
88. 0 W. 

177. 8 E. 
147 W. 
71.6 W. 

179 E. 
156 E.
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TABLE 1.   Summary of instrumental epicenters for 1937  Continued

1937

Oct. 27-.  
Nov. l-___ .__
Nov. 2...

Do.    
Nov. 5-__  
Nov. 7.......
Nov. 9 .

Nov. 13..

Do.._   .
Nov. 14.
Nov. 15... .

Do     .
Nov. 18-._  
Nov. 22-   __
Nov. 26 .
Nov. 27 .

Nov. 28.....
Nov. 30 .

Do.......
Dec. 5 ....
Dec. 6. -...

Do ___.
Do--.   -

Dec. 7    .-

Do.......
Dec. 10 .
Dec. 12.......
Dec. 13___.__.

Do.......

Dec. 16......
Do

Dec. 17    
Do.......

Dec. 18 ...
Do-    

Dec. 22_-
Do.___.

Dec. 23
Do_-__ ..

Dec. 24.. ...
Do    .
Do.......

Dec. 25.. _..
Dec. 26.......
Dec. 28

Do    

Dec. 31 .

Greenwich 
civil time 
at origin

ft m 
0 21.3 
8 35.3 

10 54.7 
17 54.9 
22 24. 6 

9 08.6 
10 21.8

9 50.6

17 53.8 
10 57.9 
0 51. 1 

21 37.5 
2 48.0 
4 12.8 

10 45. 1 
13 32.6

5 24.0 
0 40.1 

12 57. 8 
5 42.0 
4 34.2 

21 07. 7
21 43. 1 
18 00.7 
2 25.3 
8 32.1 

13 29. 0 
14 03.8 
18 54.0 
22 59. 1

8 28.3 
17 35.5 

7 19.0 
9 32.2 

13 17.9 
20 49.1 

3 37.2 
7 35.1 

13 18. 0 
23 21. 2 

3 23.5 
4 35.3 
6 20.6 
1 29.7 

23 43.4 
3 09.4 
6 19.4 

11 41. 1 
17 41.4

Region and focal depth

Near Lima, Peru. Depth normal .. ... .. . . .

South Pacific Ocean between. Easter Island and Chile. 
Depth normal. 

Northeast of North Island, New Zealand. Depth nor 
mal. 

...-do..   ........ _....... ... . ...............
Northeast Afghanistan. Depth normal ... .... ..

Off Point Arguello, Calif. By Pasadena---   -.- ...
North of Formosa, in China Sea. Depth normal-
South Atlantic Ocean near Sandwich Islands. Depth 

normal.

Near Nicobar Islands, Bay of Bengal. Depth normal- 
East central Africa. Depth normal _   ___.
Pacific Ocean off El Salvador. Depth normal-.. .....
Pacific Ocean off Cape Inuboe, Japan. Depthnormal.

_ . do..               . - _. .__-       ____
.-_- do.._..._   .   .......... . ... _--__-.-
East of Formosa. ' Depth normal   - __   __

Eastof Caldera, Chile. Depth normal.     ........
East of Formosa. Depth normal.. .-_____ .
Atlantic Ocean northeast of Puerto Rico. Depth nor 

mal. 
Celebes Islands. Depthnormal ..... . .......
Aegean Sea, west of Turkey. Depthnormal-.-. .

West coast of Panama. Depthnormal ...... . .

.    do....       .-     __       .        
- .do .- _._. ..........   ....................

Off southwest Mexico. Depthnormal -....

El Salvador. Depthnormal

Atlantic Ocean near St. Paul Islands. Depth normal.

.   .do.       ...   ..   ........   ..........

Coordinates of provi 
sional epicenter

Latitude

34 S. 
24.9 S. 

4 S. 
15.9 S. 
12. 5 S. 
9.4 S. 

36 S.

29.9 S.

33 S. 
37. 5 N. 
14.6 S. 
35 N. 
5.9 S. 

34. 6 N. 
24 N. 
54. 5 S.

1 S. 
5 N. 
4.9 N. 

13 N. 
33. 8 N. 
14. 4 N. 
13. 3 N. 
13. 7 N. 
14. 2 N. 
22. 9 N. 
38 N. 
25. 3 S. 
22. 3 N. 
26 N.

1.0 N. 
36. 2 N. 
32.8 S. 
23. 1 N. 
43 N. 
7.8N. 

17. 0 N. 
17. 3 N. 
16. 4 N. 
16. 0 N. 
36. 8 S. 
16. 0 N. 
10. 3 S. 
8.8 S. 

11.7 N. 
8.3 S. 
0.2 N. 

16. 9 N. 
15. 9 N.

Longitude

72 W. 
70. 3 W. 

149 E. 
74 W. 
77 W. 
72. 4 W. 
97 W.

177. 1 W.

176. 4 W. 
71 E. 
82.4 W. 
78 E. 

146.8 E. 
120. 8 W. 
124 E. 

24. 5 W.

98 E. 
91 E. 
35.9 E. 
90. 5 W. 

142.1 E. 
83.9 W. 
81.6 W. 
82. 2 W. 
81. 1 W. 

121.5 E. 
142 E. 
70.0 W. 

122.6 E. 
51 W.

121.6 E. 
24.0 E. 
71.6 W. 
121. 8 E. 
71 E. 

81. 1 W. 
107.0 W. 
105. 8 W. 
98.4 W. 
99.0 W. 
73. 0 W. 
98. 7 W. 
75.4 W. 

127.6 E 
90. 3 W. 

126.0 E. 
29.0 W. 
97. 7 W. 
98.5 W.

STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932, the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in 
the seismically active regions of the country to obtain data needed 
in the design of earthquake-resisting structures.- Notes pertinent 
to the development of this program will be found in the four preceding 
issues of this series, Serials 579, 593, 600, 610 and 619, and in Special 
Publication 201, "Earthquake Investigations in California, 1934-35." 
Material in the "United States Earthquakes" series is restricted to 
the analysis of strong-motion seismograph records. Special Publica 
tion 201 is much broader in scope, containing data on structural and 
ground vibration and detailed descriptions of the various activities
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which comprise the seismological program as a whole. The reader 
is also referred to Special Publication 206, "Selection, Installation, and 
Operation of Seismographs/' for descriptive material on strong- 
motion instruments and vibration meters in addition to similar infor 
mation on teleseismic instruments.

Interpretation of records. The following analyses are based on the 
assumption of simple harmonic motion. This refers especially to the 
computation of displacement from accelerograph records. As most 
accelerograph records are of irregular character, and the character of 
the longer-period waves is often obscured by the superposing of shorter- 
period waves of relatively large amplitude, the estimates of displace 
ment must be considered as only approximate. One must refer to 
the illustrations of the curves themselves to evaluate the probable 
accuracy of the estimated displacements.

The reader is referred to Serial 610 for further comments on the 
interpretation of strong-motion seismograph records, especially with 
reference to the use and evaluation of integration methods. No rec 
ords for the current year were subjected to this type of analysis. 
Because of the press for time it has not been possible to entirely com 
plete the projects in strong-motion analysis mentioned in preceding 
issues.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity, and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the 
acceleration of gravity, indicated by "g," which is equal to 980 
cm/sec. 2 For practical purposes it is only necessary to point off three 
decimal places to convert cm/sec. 2 to "g."

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light spot, in centimeters for a constant acceleration of 100 
cm/sec.2 This means that the seismometer pendulum is tilted side 
ways until the effective component of the earth's gravitational field 
is equal to 100 cm/sec.2 , or practically 0.1 g.

The following are constants which may be used in converting c. g. s. 
units to the customary English units:

1 cm = 0.3937 in.-0.03281 foot. 
1 cm/sec. = 0.03281 ft./sec. 
lcm/sec. 2 = 0.03281 ft./sec.2 
lcm = 10 mm. 
0.1 g = 98 cm/sec. 2 = 3.215 ft./sec. 2

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are usually 
tracings of the original record and must not be accepted as genuine 
copies. The illustrations are intended to show the nature of the data 
rather than furnish a means through which the reader can make his 
own measurements. It is realized that the slightest variations in the 
copy can easily lead to misleading conclusions. Those who desire true 
copies for critical study should address the Director of the Bureau for 
further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings appearing in this publication are reduced so that if the 
constants are applied to them a correction will be necessary because
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of the reduction. The reductions are approximately in the ratio of 
1.6 to 1.

TABLE 2. List of shocks recorded and records obtained on strong-motion seismographs in 1938

Date, epicenter, and recording station

May 31; Santa Ana Mountains:

August 30: Near Long Beach:

September 30: Near Boulder Dam: 
1215 Gallery- _...._ .. .... __-----. -____._ _.._____. .......................

Records

Accelero- 
graph

1

2 
2 
1 
3 
1 
2 
1 
1

2 
2 
1

1 
1 
1 
1 
1

24

Displace 
ment 
meter

1

1

2

NOTES ON STRONG-MOTION SEISMOGRAPH RECORDS

The practice of attempting to describe the seismograrns in detail 
in the text is believed to be rather superfluous because the outstanding 
periods are listed in tables, such as table 3 in this issue, and the illus 
trations provide a far better picture of the records than can be obtained 
in any other way. The following notes will therefore contain only 
such information on the earthquakes and the records which may not 
be evident from table 3 or from, the illustrations. For convenience 
certain fundamental information on the earthquakes will be repeated 
from, the noninstrumontal part of the publication.

The records have been given a second reading and some differences 
will therefore be noted from the preliminary figures which appeared 
in the Progress Reports for the same period. It is well to repeat here 
that, as the measurement of periods on records of this nature is de 
pendent largely on the judgment of the person reading them, con 
siderable latitude must be allowed in appraising their accuracy. The 
aim of such analyses is primarily to give a fair picture of the magni 
tudes of the various elements involved, and the figures tabulated 
should therefore not be used for important studies without first 
referring to the illustrations for an idea of the nature of the original 
records.

IMPERIAL VALLEY EARTHQUAKE OF APRIL 12

Epicenter approximately 8 miles north of El Centro. Intensity 
about VI at El Centro where dishes were reported shaken from shelves. 
Local in Imperial Valley.

El Centro. Figure 9. The accelerograph record shows a rather 
sharp disturbance similar to that recorded at the same station on June 
5. Maximum acceleration is at start of record.
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SOUTHERN CALIFORNIA EARTHQUAKE OF MAY 31

Epicenter in an uninhabited part of the Santa Ana Mts. Intensity 
was VI at some widely scattered places and must have been con 
siderably greater in epicentral area. It affected a land area of about 
30,000 square miles and was the most severe shock of the year in 
southern California.

Los Angeles Chamber of Commerce Bldg. Figure 9. About 50 miles 
northwest of epicenter. Intensity IV to V in Los Angeles. Basement 
and top floor accelerographs. llth floor record is of rather rhythmic 
type and prolonged. Ground and top floor accelerations respectively 
3 and 9 cm/sec. 2

Los Angeles Subway Terminal Bldg. Figure 10. About 50 miles 
northwest of epicenter. Intensity IV to V in Los Angeles. Basement 
accelerograph and displacement meter and top floor accelerograph. 
Activity somewhat weaker than at Chamber of Commerce Bldg. and 
top floor motion not so smooth. Ground and top floor accelerations 
respectively 3 and 10 cm/sec. 2

Vernon, Central Manufacturing District Warehouse. Figure 11. 
About 45 miles northwest of epicenter. Intensity IV to V in Los 
Angeles but probably higher at the station which is on alluvium. 
Basement accelerograph. Accelerations considerably greater than 
at other Los Angeles ground stations. Maximum, 9 cm/sec. 2

Hollywood Storage Co. Bldg. Figure 12. About 55 miles north 
west of epicenter. Intensity IV to V in Los Angeles area. Accelero 
graphs in basement, penthouse, and on adjoining lot. Ground mo 
tions are of about same intensity as at Chamber of Commerce Build 
ing. Free swaying of structure evident in penthouse record. Ground 
and penthouse accelerations respectively 5 and 14 cm/sec. 2

Colton. Figure 11. About 30 miles northeast of epicenter. In 
tensity about IV. Accelerograph and displacement meter on ground 
floor in C. E. Co. substation building. Acceleration during first few 
seconds was much greater than maximum recorded on the ground in 
the Los Angeles area. Otherwise, records are generally similar. 
Maximum acceleration 33 cm/sec.2

EARTHQUAKE OF JUNE 2 NEAR BOULDER DAM

This was a very weak local shock, barely felt. The accelerograph 
operated only because the starter was adjusted to unusually high 
starting sensitivity.

No Figure. The data for only the oil house record are tabulated. 
On the intake tower record there is just a bare trace of activity. 
Gallery 1215 accelerograph did not function because the paper had 
been used up through accidental shorting of the starting pendulum 
circuit.

IMPERIAL VALLEY EARTHQUAKE OF JUNE 5

Epicenter about 22 miles northeast of El Centre. Intensity IV to 
V in the Valley.

El Centro. Figure 13. The record is comparable with that of 
April 12. Because of the greater distance, the June 5 shock must 
have been stronger at the origin.
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IMPERIAL VALLEY EARTHQUAKE OF JUNE 6

Epicenter about 27 miles southeast of El Centre across the border. 
Many awakened in the Valley.

El Centra. Figure 13. The record is much weaker than that of 
June 5.

SOUTHERN CALIFORNIA EARTHQUAKE OF AUGUST 30

The epicenter was about 18 miles due south of central Los Angeles, 
near Long Beach. At Long Beach, VI, small objects were overturned 
and many rushed from theaters and their homes, but there was no 
structural damage. In Los Angeles many were awakened and 
hanging objects swung or were displaced. Land area of 1,200 square 
miles affected.

Los Angeles Chamber of Commerce Building. Figure 14. About 18 
miles north of epicenter. Typically weak records where obtained on 
the basement and eleventh floor accelerographs. The records show 
slightly stronger activity than at the subway terminal.

Los Angeles Subway Terminal Building. Figure 14. About 18 
miles north of epicenter. Very weak records obtained on the base 
ment and thirteenth floor accelerographs. Top records show con 
siderably greater amplitudes as usual.

NORTHERN CALIFORNIA EARTHQUAKE OF SEPTEMBER 11

The shock was a rather severe one, probably centering offshore 
near Cape Mendocino. Maximum intensity on shore, VI. Land 
area affected, about 20,000 square miles.

Ferndale. Figure 15. The accelerograph record shows greater 
activity than recorded at any other station during the year. The 
maximum acceleration reached nearly O.lg on one component. The 
resultant was probably a little greater. In addition the activity was 
rather prolonged. It is obvious from the record that the instrument 
started a second or more before the large amplitude transverse waves 
arrived. Intensity at Ferndale was about VI. Small objects were 
displaced, one chimney was badly cracked and telephone lines out of 
town were out of order.

At Eureka, where many were awakened and many objects were 
disturbed, the accelerograph di(J not start.

EARTHQUAKE OF SEPTEMBER 30 NEAR BOULDER DAM

A moderately strong shock was felt throughout the Dam area but 
the accelerograph records at all three stations are quite weak. As 
usual, the intake tower record shows more prolonged motion than 
those from the oil house and 1215 Gallery stations but, for one wave, 
the acceleration in the gallery is as great as the more sustained motion 
in the intake tower. Maximum acceleration 12 cm./sec.2 See figure 
16.

EARTHQUAKE OF DECEMBER 3 NEAR CONVICT LAKE

This was an earthquake exceeding intensity VI at its origin in the 
Owens Valley region and affecting about 24,000 square miles. Boulders 
were loosened in the mountains, pipe lines were damaged and some 
pictures fell.
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Down

N40 E

S50 E

0 Seconds

August 30. 

Down

N 40 E

N 50 W

0 Seconds

August 30. 

Down

Southwest

Northwest

0 Seconds

August 30. 

Down

Northwest

Northeast

0 Seconds

August 30. 

Down

West

North
YfpffyH*'t*f**'*~sf*'**"***»r*

0 Seconds

December

5 10

Los Angeles, Chamber of Commerce building 

llth floor accelerograph record

5 10

Los Angeles, Chamber of Commerce building. 

Basement accelerograph record.

5 10 15

Los Angeles Subway Terminal building, 

13th floor accelerograph record.

5 10 lb

Los Angeles Subway Terminal building. 
Basement accelerograph record.

5 10

6. Westwood. Accelerograph record.

Figure 14. Tracings of Los Angeles Chamber of Commerce building and Los Angeles Subway Terminal 
building strong-motion records of August 30, and Westwood record of December 6, 1938.
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Bishop. Figure 13. The station is about 25 miles southeast of 
the epicenter. The record shows rather moderate intensity with 
maximum acceleration 15 cm./sec.2 Intensity IV was reported from 
Bishop.

SOUTHERN CALIFORNIA EARTHQUAKE OF DECEMBER 6

This was a small local shock on the Inglewood fault affecting the 
western section of Los Angeles. Maximum intensity was IV to V.

Westwood. Figure 14. A rather weak record was obtained on the 
accelerograph which is located about 5 miles northwest of the epi 
center. A maximum intensity of 9 cm./sec. 2 was recorded.

Down

Northwest

Northeast

0 Seconds 10

September 30. Boulder Dam. 1215 gallery accelerograph record.
Down 

Southeast

Southwest

0 Seconds 10

September 30. Boulder Dam. Intake Tower accelerograph record.

_______________Down_________________________ 

_ _ _____________Southeast

Southwest 

0 Sec_onds_ ____5_________ !°_ ________ I5_

September 30. Boulder Dam. Oil House accelerograph record.

Figure 16. Tracings of Boulder Dam strong-motion records of September 30, 1938. 

TABLE 3. Summary of strong-motion seismograph data for the year 1938

[See the text preceding this table for additional details. Simple harmonic motion is assumed when com 
puting displacement from an accelerogram and when computing acceleration from a displacement-meter 
record]

EARTHQUAKE OF APRIL 12 NEAR EL CENTRO

Station and component

El Centro accelerograph _ .._._.

North-south.. _ .....

Earth- 
wave 
period

Seconds

0.09
0.14 
0.21 
0.27

0.22 
0.42 
0.14

0.19 
0.22

Maximum 
Accelera 

tion

Cm/sec. '

19 
6 
2 

27
11
8

on

15 
11

Maximum 
Displace 

ment

Cm

0 002
0.010 
0.007 
0.003 
0.010
0.013 
0.036 
0.018

0.013 
0.013

Remarks

End portion.

two preceding components.
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TABLE 3. Summary of strong-motion seismograph data for the year 1938 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MAY 31

Station and component

Los Angeles Chamber of Com 
merce Bldg., basement accelero- 
graph:

S. 40° W.-N. 40° E  . .......

S. 50° E.-N. 50° W      --

Los Angeles Chambej; of Com 
merce Bldg., llth floor accelero- 
graph:

S. 40° W.-N. 40° E...  .....

N. 50° W.-S. 50° E. ..........

Los Angeles Subway Terminal, 
basement accelerograph:

13th floor accelerograph.

Los Angeles subway terminal, 
basement displacement-meter:

Vernon accelerograph: 
Vertical..       .  

Hollywood Storage Co. Bldg., 
basement accelerograph:

penthouse accelerograph.

Earth- 
wave 

period

Seconds 

0.16
0.27 
0.15
0.27 
0.14
0.39 

0.16
0.17 
0.30
0.42 
1.23 
0.24
0.28 
0.38 
1.15

0.11
0.33 
0.12
0.37 
0.11
0.42

0.15
0.24 
0.17
0.56 
0.70 
0.16
0.29 
0.58

0.40
0.52

0.13
0.21 
0.26 
0.10
0.20 
0.37 
0.10
0.26 
0.29 
0.38

0.36
0.18
0.26 
0.35 
0.42 
0.23
0.40

0.10
0.13 
0.38 
0.49 
0.23
0.36 
0.40 
0.50 
0.20
0.46 
0.50

Maximum 
Accelera 

tion

Cm /sec. > 

1
1 
3
2 
2
2 

5
3 
9
6 
2 
6
9 
8 
1

2
2 
3
1 
2
o

8
5 

10
3 
2 
4
5 
5

5
3

4
4 
1 
4
3 
4 
3
4 
3 
9

2
1
4 
3 
2 
2
2

2
2 
2 
3 
6
6 
4 
4 
3

14 
14

Maximum 
Displace 

ment

Cm 

0.001
0.002 
0.002
0.003 
0.001
0.007 

0.003
0.002 
0.020
0.027 
0.077 
0.009
0.018 
0.029 
0.017

0.001
0.006 
0.001
0.004 
0.001
0.009

0.004
0.007 
0.007
0.024 
0.025 
0.002
0.010 
0.042

0.02
0.02

0.002
0.004 
0.002 
0.001
0.003 
0.014 
0.001
0.007 
0.006 
0.033

0.006
0.001
0.007 
0.010 
0.009 
0.003
0.008

0.001
0.001 
0.007 
0.018 
0.008
0.019 
0.015 
0.025 
0.003
0.075 
0.089

Remarks

Irregular waves.

Long train of waves.

Irregular. 
Horizontal components very

irregular.

Swaying of building clearly re
corded.

Few.

Dominant period.
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TABLE: 3. Summary of strong-motion seismograph data for the year 1938 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MAY 31  Continued

Station and component

adjoining P. E. lot accelero- 
graph. 

Vertical.. ....................

East-west __________ .

South-north. _________

Colton accelerograph: 
Vertical......................

East-west. _ . _______ .

Colton displacement-meter:

North-south.. ________

Earth- 
wave 
period

Seconds

0.10
0.40 
0.23
0.35 
0.40 
0.13
0.24 

0.14
0.16 
0.11
0.19 
0.36 
0.10
0.13 
0.21 
0.34

0.24
0.97 
1.55 
0.30
0.94 
1.32

Maximum 
Accelera 

tion

Cm/sec. *

1
1 
5
6 
3 
4
3 

27
11 
3

33
4 
6

25 
13 
6

27
3
1 
9
1 
2

Maximum 
Displace 

ment

Cm

0.001
0.004 
0.006
0.018 
0.013 
0.002
0.004 

0.013
0.007 
0.001
0.030 
0.013 
0.001
0.011 
0.015 
0.018

0.04
0.08 
0.05 
0.02
0.03 
0.06

Remarks

Motion irregular on all com
ponents.

Irregular.

BOULDER DAM EARTHQUAKE OF JUNE 2

Boulder Dam oil house accelero 
graph.

Vertical..... .  _ .......
N. 45° W.-S. 45° E. .........
N. 45° E.-S. 45° W.     ...

0.08 
0.10 
0.10

8 
3

16

0.001 
0.001 
0.004

Duration less than 1 sec. Ex 
tremely light shock. See text 
about other records.

Trace displayed only on one side 
of axis.

IMPERIAL VALLEY EARTHQUAKE OF JUNE 5

El Centro accelerograph:
0.12
0.14
0.15 
0.19 
0.11
0.15 
0.23

14
35
10 
11 
31
10 
9

0.005
0.017
0.006 
0.010 
0.009
0.006 
0.012

Long wave train.

IMPERIAL VALLEY EARTHQUAKE OF JUNE 6

El Centro accelerograph: 
Vertical   .... .  ..

North-south. ___ ____ .

0.10
0.20 
0.09
0.15 
0.17 
0.21 
0.14
0.19

4
1
5
5 
6 
4 
6
7

0.001
0.001 
0.001
0.003 
0.004 
0.005 
0.003
0.006
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TABLK 3. Summary of strong-motion seismograph data for the year 1938 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF AUGUST 30

Station and component

merce Bldg., basement accelero- 
graph: 

Vertical......................

S. 40° W.-N. 40° E...........

S. 50° E.-N. 50° W_____ ......

Los Angeles Chamber of Com 
merce Bldg., llth floor acceler- 
ograph: 

Vertical.............. __ ...
S. 40° W.-N. 40° E... ........

N. 50° W.-S. 50° E..... __ ..

Los Angeles subway terminal, 
basement accelerograph:

Southeast-northwest... ., ....

Los Angeles subway terminal, 
13th floor accelerograph: 

Vertical......................
Northeast-southwest.... .. ...

Southeast-northwest _ ....  

Earth- 
wave 
period

Seconds

0.10
0.17 
0.14
0.30 
0.13
0.40 

0.15
0.21
0.37 
0.18
0.22 
0.35

0.11
0.44 
0.35
0.37

0.12
0.12
0.62 
0.72 
0.12
0.33 
0.61

Maximum 
Accelera 

tion

Cmlstc. »

2
1 
3
1 
2
1 

5
5
2 
2
2
5

2
1 
1
1

4
2
2 
4 
2
3 
3

Maximum 
Displace 

ment

Cm

0.001
0.001 
0.002
0.002 
0.001
0.004 

0.002
0.006
0.007 
0.002
0.003 
0.015

0.001
0.005 
0.003
0.003

0.002
0.001
0.020 
0.053 
0.001
0.008 
0.028

Remarks

on any component.

NORTHERN CALIFORNIA EARTHQUAKE OF SEPTEMBER 11

0.11
0.18 
0.37 
0.41 
0.18
0.21 
0.31 
0.39 
0.67 
0.77 
0.18
0.66 
0.74 
0.97

6
26 

6 
13 
93
13 
20 
26 

3 
25 
75
9 

10 
20

0.002
0.022 
0.020 
0.056 
0.075
0.014 
0.050 
0.100 
0.032 
0.375 
0.061
0.100 
0.140 
0.480

Motion complex on all compo
nents.

In end portion. 

Rather sustained.

EARTHQUAKE NEAR BOULDER DAM, SEPTEMBER 30

Boulder Dam intake tower accel 
erograph: 

Vertical... -....--.........

Boulder Dam oil house accelero 
graph:

Boulder Dam, 1215 gallery accel 
erograph: 

Vertical..... .................

0.10
0.25 
0.10
0.27 
0.22

0.12
0.14
0.10 
0.10

0.15
0.10 
0.15
0.13
0.25

12
1 
5
3
7

1
2
1 
1

2
1 
2

12
1

0.003
0.002 
0.001
0.005 
0.008

0.001
0.001
0.001 
0.001

0.001
0.001 
0.001
0.005
0.002
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TABLE 3. Summary of strong-motion seismograph data for the year 1S38 Continued 

OWENS VALLEY EARTHQUAKE OF DECEMBER 3

Station and comoonent

Vertical . ....... ...........

Earth- 
wave 
period

Seconds

0.10
0.29 
0.59 
0.10
0.23 
0.30 
0.36

0.20 
0.29 
0.50

Maximum 
Accelera 

tion

Cmfsec. '

1
2 
1 
3

11 
1 

10 
15

7 
17 
2

Maximum 
Displace 

ment

Cm

0.001
0.005 
0.009 
0.001
0.015 
0.003 
0.032

0.007 
0.035 
0.013

Remarks

ponents.

SOUTHERN CALIFORNIA EARTHQUAKE OF DECEMBER 6

Vertical...................... 0.11

0.08 
0.38 
0.10
0.38

7
9
7
5 
4
7
1

0.003

0.001 
0.014 
0.002
0.004

TABLE 4. Instrumental constants of strong-motion seismographs in 1938

EARTHQUAKE OF APRIL 12 NEAR EL CENTRO

SOUTHERN

Los Angeles, Chamber of Commerce 
Building:

Los Angeles, Subway Terminal 
Building:

Hollywood Storage Co. Building:

N.-S. ....................
E.-W... ...... --.-  

CALIFORNIA EARTHQ1

S. 40° W.-N. 40° E_......
S. 50° E.-N. 50° W.  ...

S. 40° W.-N. 40° E....  
N. 50° W.-S. 50° E  ....

SE.-NW..  ..........
SW.-NE... ..............
N.-S...  ........ ...... .
E.-W. ............... ....

NE.-SW          
SE.-NW--    -

E.-W......... ...........
S.-N    ..............

E.-W... ...... .......... .
S.-N....... ..............

S.-N..   ...............
W.-E. .......... .........

0.096
0.098
0.098

[JAKE (

0.09.8
0.100
0.096 
0.100
0.098 
0.100

0.099
0.097
0.098
9.85
9.85
0.100
0.110
0.100
0.100
0.100
0.097

0.100
0.100
0.100
0.098
0.104
0.100

116
104
109

5F MA1

105
114
104 
109
117 
109

74
80
82
1.14
1.14

81
84
82

106
107
107

86
81
80
82
79
80

2.54
2.67
2.41

' 31

2.66
2.78
2.63 
2.69
2.90 
2.86

1.83
2.01
2.07

2.04
2.14
2.07
2.63
2.65
2.60

2.20
2.16
2.16
2.06
2.20
2.03

8
7
8

9
10
9 

10
10 
8

8
10
9
8
9

10
9

10
9
9
9

7.5
10
9
9
7.5

10

V-55
L-56
T-57

V-28
I/- 9
T-26 
V-25
L-3
T-18

V-lll
L-91
T-101
R-15
L-15
V-112
L-92
T-102
V-66
L-64
T-65

V-115
L-95
T-105
V-113
L-93
T-103

See footnotes at end of table.
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TABLE 4. Instrumental constants of strong-motion seismographs in 1938 Continued 

SOUTHERN CALIFORNIA EARTHQUAKE OF MAY 31 Continued

Station and instrument

Hollywood Storage Co. Bldg.  Con... 
P. E . Lot accelerograph ». .......

Orientation of instru 
ment

Up-Down.. _ . _ . __ . 
E.-W. ...................
S.-N.. ...................
Up-Down _ .. _ ......
E.-W. ...................
S.-N.....  ........ ... ..
W.-E. ..................
N.-S... .._.-._..........-

Pen 
dulum 
period

Sec. 
0.101 
0.102

0.098
0.102
0.097

10.0
10.05

Static 
magni 
fication

85 
84
81

100
102
104

1.14
1.14

Sensi 
tivity 2

Cm. 
2.04 
2.12
2.04
2.40
2.67
2.58

Damp 
ing 

ratio

10 
10
10
8
8
9
9
9

Instru 
ment 

number

V-114 
L-94
T-104
V-58
L-59
T-60
R-16
L-16

EARTHQUAKE OF JUNE 2 AT BOULDER DAM

Boulder Dam:

N. 45° W.-S. 45" E.......
N. 45°E.-S. 45° W  ....

0.104 
0.106 
0.101

88 
75 
75

2.40 
2.13 
6.94

9.0 
9.6 
8.5

V-148 
L-146 
T-147

EARTHQUAKES OF JUNE 5 AND 6 NEAR EL CENTRO

El Centro aceelerograph... _ ..... Up-Down _____ ..... 
N.-S.....................
E.-W-... ................

0.097 
0.100 
0.100

115 
104 
109

2.53 
2.63 
2.41

8 
7.5 
7.5

V-55 
L-56 
T-57

SOUTHERN CALIFORNIA EARTHQUAKE OF AUGUST 30

Los Angeles, Chamber of Commerce 
Building:

Eleventh floor accelerograph ' ...

Los Angeles, Subway Terminal 
Building:

Thirteenth floor accelerograph '.

S. 40° W.-N. 40° E.......
S. 50-E.-N. 50° W.....__

S. 40° W.-N. 40° E.......
N. 50° W.-S. 50° E. ......

SE.-NW......... ........
SW.-NE..... ............

NE.-SW........ .........
SE.-NW.... .............

0.090 
0.100 
0.097 
0.099 
0.098 
0.100

0.099 
0.097 
0.098 
0.100 
0.100 
0.100

105 
114 
104 
109 
117 
109

74 
80 
82 
81 
84 
82

2.66 
2.78 
2.63 
2.69 
2.90 
2.86

1.83 
2.01 
2.07 
2.04 
2.14 
2.07

8 
10 
8 
9 

11 
8

7 
10 
9 

10 
8 

10

V-28 
L-9 
T-26 
V-25 
L-3 
T-18

V-lll 
L-91 
T-101 
V-112 
L-92 
T-102

NORTHERN CALIFORNIA EARTHQUAKE OF SEPTEMBER 11

SW.-NE.... .............
NW.-SE...... __________

0.097 
0.099 
0.099

100 
109 
110

2.43 
2.76 
2.77

10 
7 

10

V-10 
L-4
T-15

EARTHQUAKE OF SEPTEMBER 30 NEAR BOULDER DAM

Boulder Dam: 
1215 Gallery accelerograph *__._.

Intake tower accelerograph '....

S. 45°E.-N.45° W...... 
8.45° W.-N. 45° E......

N. 45° W.-S. 45° E...... 
N. 45° E.-S. 45° W......

N. 45° W.-S. 45° E...... 
N. 45° E.-S. 45° W......

0.103 
0.104 
0.103 
0.101 
0.100 
0.099 
0.104 
0.099 
0.100

77 
75 
74 
81 
90 
87 
87 
83 
80

2.06 
2.05 
1.99 
2.09 
2.29 
1.85 
2.38 
2.06 
2.02

10.2 
9.9 
9.9 
7.0 
8.3 
8.7 

10.3 
9.3 

12.0

V-142 
L-140 
T-141 
V-145 
L-143 
T-144 
V-148 
L-146 
T-147

See footnotes at end of table.
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TABLE 4. Instrumental constants of strong-motion seismographs in 1938 Continued 

EARTHQUAKE OP DECEMBER 3 NEAR BISHOP

Station and instrument Orientation of instru 
ment

E.-W .. . .. .....
S.-N... ..................

Pen 
dulum 
period

Sec. 
0.101
0.100
0.098

Static 
magni 
fication

108
107
108

Sensi 
tivity »

Cm.
2.78
2.70
2.70

Damp 
ing 

ratio

10
12
10

Instru 
ment 

number

V-23
L-36
T-19

SOUTHERN CALIFORNIA EARTHQUAKE OP DECEMBER

E.-W. __.    _ __..  
S.-N....................

0.098
0.097
0.098

114
111
108

2.78
2.55
2.61

10
10
10

V-30
L-5
T-34

i The direction on the left ("Up" in the first case) indicates the direction of the pendulum displacement 
relative to instrument pier which will displace the trace upward on the original seismogram.

' The sensitivity is the number of centimeters deflection on the seismogram that corresponds to 100 cm/sec.' 
of acceleration. The deflection corresponding to 1/10 gravity may be obtained by multiplying the sensitiv 
ity tabulated by 0.98. (See p. 38.)

' Instruments at these places are wired to start simultaneously.

TABLE 5. List of strong-motion seismograph stations, 1938

Station and foundation

NOETHEEN CALIFORNIA

Eureka: Federal Building: Alluvium-- .............

Ferndale: City Hall: Alluvium----..   . ___ . _ .
Oakland: 

City Hall: Alluvium:

San Francisco: 
Alexander building: Alluvium:

Eleventh floor __ . __ . ___ . ...........

460Sutter: Kock:

Basement...- __ .. _ ... _______ ..--
Golden Gate Park: Kock- _ ...  _ ...... _ ..
Shell Building: Rock:

Southern Pacific Building: Alluvium and made 
ground:

San Jose: 
Bank of America Building: Alluvium: 

Thirteenth floor ____ . __________
Basement. .. _ .......... ________ _ ...

SOUTHEBN CALIFORNIA

Alluvium. 
Colton: Southern California Edison Co. substation: 

Alluvium.

Instrument

Accelerograph and displace
ment meter.

.....do....  ....... .. ...
-.  do-...      .  .. 

 -.do--       
-.-.do...........  ........
  .do--    . .  

.. do.... _ ... ___ ... ...

. . do.....   ..   ..

   do....       ...... ...
   do.i_        .
..-.do......  ....      

ment meter. 
.....do-.-....  ... ........

__ do..            
  ..do-.           ....

. .do-.-     ....   .

Acceleration and displace 
ment meter.

Date of installation

November 1932.
May 1933.

Do.

June 1933.
Do.
Do.

October 1935.

October 1933.
November 1934.

October 1933.

October 1933.

October 1934.

April 1933.

Do.
Do.

June 1933.

January 1933.

See footnotes at end of table.



56 U. S. COAST AND GEODETIC SURVEY

TABLE 5. List of strong-motion seismograph stations, 1938 Continued

Station and foundation

NORTHERN CALIFORNIA  Continued

station »: Alluvium. 
Hollywood: 

Hollywood Storage Co. warehouse: Alluvium:

Long Beach: Public Utilities Building: Alluvium _ .
Los Angeles: 

Chamber of Commerce: Alluvium:

Subway Terminal: Hardpan or clay:

Vernon: Alluvium. 
Pasadena: California Institute of Technology: 

Alluvium.

Alluvium.

Alluvium.

MISCELLANEOUS

Boulder Dam, Nov.:

1215 Gallery: Solid rock..... ........ ............

and glacial drift.

rock.

Alluvium.

alluvium.

mentary rock.

Instrument

  __do--.-         
.....do-. ..... _.... .--.__.
   do..            
  .do..            ....

  do .      ..-

seismograph.

 ..do....           .

ment meter.

Accelerograph, displacement 
meter and Weed seismo 
graph.

... ..do..            

... ..do....... ....       
   .do..            
... ..do..-           

.  .do..            

..... do....          ...

... .-do.... -      .... .
  _ do-......-  ... .. .....

.....do....           .

Date of installation

July 1932.

Do.
December 1934.
July 1932.

November 1934.
June 1933.

December 1934.

Do.
August 1932.

July 1932.

May and June 1933.

July 1932.

June 1933.
Do.
Do.

May 1937.
Do.
Do.

September 1936.

Do.

November 1936.

September 1936.
April 1935.

September 1936.

' The Weed seismograph was originally installed on the twenty-third floor in May 1934. It was moved 
to its present location in August 1938.

2 Change of name from Southern Sierras Power Co. in 1938.
s The instrument on the Pacific Electric Co. lot in Hollywood is in a separate small building several 

hundred feet from the Hollywood Storage Co. building, and should provide data which will be at least 
partly free from vibrations set up in the ground by the building itself. It is connected with the 2 accelero- 
graphs in the Hollywood Storage Co., making a set of 3 instruments in one locality operating under different 
conditions. They are connected electrically for simultaneous starting and time marking.

DESCRIPTIONS OF STRONG-MOTION STATIONS

The following is a list of station descriptions previously published 
in issues of the "United States Earthquakes" series, and includes only 
stations at which records have been obtained since their establishment.
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The year, in parenthesis, is the calendar year covered by the publica 
tion for which the serial number is given.
Berkeley. Serial 619 (1937). Los Angeles Chamber of Commerce
Eureka. Serial 593 (1934). Building. Serials 579 and 593 (1933
Ferndale. Serial 593 (1934). and 1934).
Oakland. Serial 593 (1934). Los Angeles Edison Building. Serial
Alexander Building, San Francisco. 593 (1934).

Serial 619 (1937). Los Angeles Subway Terminal Building.
Golden Gate Park. Serial 593 (1934). Serials 579 and 593 (1933 and 1934).
Southern Pacific Building, San Fran- Vernon. Serial 579 (1933).

Cisco. Serial 579 (1933). Pasadena. Serial 579 (1933).
State Building, San Francisco. Serial San Bernardino. Serial 619 (1937).

619 (1937). San Diego. Serial 593 (1934).
San Jose. Serial 579 (1933). Santa Ana. Serial 579 (1933).
Suisan Bay Bridge. Serial 579 (1933). Santa Barbara. Serial 593 (1934).
Bishop. Serial 593 (1934). Westwood. Serial 579 (1933).
Colton. Serial 610 (1937). Boulder Dam. Serial 619 (1937).
El Centro. Serial 593 (1934). Hawthorne. Serial 619 (1937).
Hollywood. Serials 579 and 593 (1933 Helena. Serial 600 (1935).

and 1934). Panama Canal Zone. Serial 593 (1934). 
Long Beach. Serial 579 (1933).

TILT OBSERVATIONS

During 1938 three tiltmeters were kept in operation on the grounds 
of the University of California at Berkeley with the active cooperation 
of the Seismological Station of that institution. Two of the meters 
required visible readings but a third automatically recorded pictures 
of the interferometer fringes every hour. A graphical representation 
of the results obtained is shown in figure 17. There were no out 
standing tilts that could be associated with local earthquake activity.

ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1935, October 1931. In Serial 600 "United States Earthquakes, 
1935," page 86, table 4 Analysis of Helena, Mont., accelerograph 
records for the main shock of October 31 change next to last figure in 
period column from 0.940 to 0.159.

1937. March 2: 8.48.* Anna, Ohio, earthquake. In Serial 
619, "United States Earthquakes, 1937," only preliminary information 
was given. It was stated that an investigation of the shock was 
being undertaken by the Geophysics Department of St. Louis Uni 
versity. The results of that investigation are being published in a 
forthcoming number of the Bulletin of the Seismological Society of 
America in an article entitled "A Micro-seismic Study of the Ohio 
Earthquakes of March 1937," by A. J. Westland and Ross R. 
Heinrich. The following information is taken from the manuscript 
of that report through the courtesy of the authors in order that the 
salient features may be readily available in this series of publications.

The instrumental epicenter as announced in a Preliminary Bulletin 
of the Jesuit Seismological Association, and adopted in the final report 
just mentioned, is 40.4° north, 84.2° west, a point in the immediate 
vicinity of Anna. More than 1,200 reports were collected and an 
isoseismal map constructed. A maximum intensity of VII (Modified 
Mercalli Scale of 1931) was found in the epicentral region near Anna, 
and the affected area covered approximately 70,000 square miles. 
No loss of life was reported, nor serious injury. The principal damage 
was to chimneys and brick buildings. Details of the effects of the
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earthquake in the epicentral area are based on visits to the area by 
Revs. A. J. Westland, S. J. and V. C. Stechschulte, S. J., early in 
April.

See following notes on the earthquake of March 8, 1938, for phe 
nomena common to both shocks.

1937. March 8: 23:45.* Anna, Ohio, earthquake, second 
strong shock. The March 8 earthquake is described in detail in the 
article by A. J. Westland and Ross R. Heinrich, already mentioned. 
The following information is taken from that report.

The instrumental epicenter is the same as that computed for the 
shock of March 2. The March 8 shock appears to have been of 
noticeably greater intensity. Damage in the town of Anna was much 
greater and could possibly be considered as reaching VIII. Practi 
cally every chimney was broken or twisted and many foundations 
and walls were cracked. The area affected was some 150,000 square 
miles as against 70,000 square miles for the earlier shock.

Outstanding phenomena common to both earthquakes were the 
rotation of tombstones and subsurface changes revealed by changes 
in the activities of wells. Marked changes in the behavior of wells 
were reported from Huntsville, New Knoxville, and Botkins. At 
Huntsville a spring which was dry for 8 years began spouting water 
like a well, and at New Knoxville the flow of the artesian wells was 
increased to a stream about 18 feet high.
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UNITED STATES EARTHQUAKES, 1939

INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 1939. 
A history of the more important shocks of the country appears in 
Serial 609 of the Bureau, "Earthquake History of the United States: 
Part I. "Continental United States (Exclusive of California and 
Western Nevada) and Alaska," and Part II. "Stronger Earthquakes 
of California and Western Nevada, Revised (1941) edition."

The history of minor activity is covered largely in a series of refer 
ences listed in Serial 609, in recent reports of the United States Coast 
and,Geodetic Survey, and in a recent bulletin of the Seismological 
Society of America. 1 The last two references give very detailed 
information for all California earthquakes. The last one contains 
all of the information appearing in the early catalogs published by the 
Smithsonian Institution.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only severe shocks are included in the 
case of the Philippine Islands, as complete reports are published by 
the local seismological institutions indicated in the lists of earth 
quakes for those regions. Earthquakes adjacent to the United 
States and felt within its borders are described only in a general way 
when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these 
publications may be as complete as possible in the more important 
details of earthquakes and in references, it is desired that investigators 
cooperate to the fullest extent, as such cooperation will be to the mu 
tual advantage of everyone concerned. The Bureau is willing to 
furnish investigators all information at its disposal, consisting princi 
pally of seismographic records and postcard questionnaires obtained 
in many instances through special canvassing of affected areas. In 
return it is requested that advance notices be furnished of results 
obtained so that abstracts and references may be inserted in these 
reports. An advance notice of a planned investigation might save 
considerable overlapping of effoit and would give wider publicity to 
the work of the investigator.

Sources of information. The noninstrumental information has 
been furnished by a large number of individuals and organizations 
whose voluntary cooperation has made it possible to prepare descrip 
tions of the earthquakes of this country with a completeness and 
accuracy never before attained. Lack of space prohibits giving

1 Descriptive Catalog of Earthquakes of the Pacific Coast of the United States, 1769 to 1928. S. D. 
Townley and M. W. Alien, Bulletin of the Seismological Society of America, Vol. 29, No. 1, January 1939.

1
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individual credit to all of the cooperators. The principal sources of 
information are as follows:

United States Weather Bureau.
Central office of the Jesuit Seismological Association at St. Louis, Mo.
The Seismological Field Survey of the Bureau at San Francisco, cooperating 

with the Seismological Laboratory of the California Institute of Technology, 
the Seismological Station of the University of California, and Stanford Univetsity. 
Among the commercial agencies on the west coast rendering valuable services 
are telephone, power, oil, railroad, and, especially, insurance companies. Certain 
concerns interested in the earthquake-resistant qualities of their products are 
also active,' together with various organizations of structural engineers and 
architects.

More recently the information service has been placed on a more efficient basis 
through the appointment of official collaborators, usually associated with local 
universities.

Telegraphic reports collected by Science Service, Washington.
Bulletins of the Seismological Society of America.
Interested individuals in various parts of the country.

In addition to the above sources of information, the Coast and 
Geodetic Survey, or its Seismological Field Survey at San Francisco, 
canvasses areas affected by shocks of unusual intensity, unless such 
work is undertaken by other organizations such as the Jesuit Seismo 
logical Association or by State and other interested geologists. In 
this way the extent and the maximum intensities of all heavy shocks 
are determined and the data are usually sufficient to construct isoseis- 
mal maps or, at least, maps of the affected areas. The Seismological 
Station of the University of California, Berkeley (Perry Byerly in 
charge), and the Soismologiral Laboratory of the California Institute 
of Technology, at Pasadena, cooperate actively in the canvassing 
program of the Seismological Field Survey at San Francisco.

Note on the regional earthquake lists. The destructive features 
of all shocks are enumerated in the abstracts, but otherwise the descrip 
tive matter is reduced to a minimum. The original reports are open 
for inspection by anyone interested in unpublished details. More 
detailed descriptions of earthquakes on the west coast will be found 
in the mimeographed reports available at the San Francisco Field 
Station of the Bureau.

Beginning with the 1931 number of this series, Serial 553, the 
Coast and Geodetic Survey has used and will continue to use the 
modified Mercalli intensity scale of 1931, in place of the Rossi-Forel 
scale, to designate the intensity of earthquake activity. All intensity 
numbers therefore refer to the new scale unless otherwise designated. 
The reasons for this change are set forth in an article entitled "Modi 
fied Mercaili Intensity Scale of 1931," by Harry O. Wood and Frank 
Neumann, in the December 1931 number of the Bulletin of the 
Seismological Society of America, volume 21, No. 4. This article 
contains the original unabridged scale and also an abridged scale. 
The latter is given here, together with equivalent intensities according 
to the Rossi-Forel scale.

MODIFIED MERCALLI INTENSITY SCALE OF 1931

(ABRIDGED)

I. Not felt except by a very few under especially favorable circumstances
(I Rossi-Forel scale).

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing (I to II Rossi-Forel scale).
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III. Felt quite noticeably indoors, especially on upper floors of buildings, 
but many people do not recognize it as an earthquake. Standing motor 
cars may rock slightly. Vibration like passing of truck. Duration 
estimated (III Rossi-Forel scale).

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed, walls make creaking 
sound. Sensation like heavy truck striking building. Standing motor 
cars rocked noticeably. (IV to V Rossi-Forel scale).

V. Felt by nearly everyone, many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop (V to VI Rossi-Forel scale)

VI. Felt by all, many frightened and run outdoors. Some heavy furniture 
moved; a few instances of fallen plaster or damaged chimneys. Damage 
slight (VI to VII Rossi-Forel scale).

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures; some chimneys 
broken. Noticed by persons driving motor cars (VIII  Rossi-Forel 
scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Hand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars (VIII + to IX  Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuous!v. Underground pipes broken (IX+ Rossi-Forel scale.) 

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslides considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks (X 
Rossi-Forel scale).

XI. Few, if any (masonry), structure-* remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipe lines completely out of 
service. Karth slumps and land slips in soft ground. Rails bent 
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumental 
report and is reliable. In other instances quite large deviations are 
frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States, nor are minor after 
shocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the Seismologieal 
Station of the University of California under the direction of Prof. 
Perry Bverly or the Seismological Laboratory of the California Insti- 
titc of Technology, at Pasadena. The bulletins of these institutions 
should be consulted for further details and often for data on additional 
shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used.

Within the United States the same regional arrangement has been 
followed as in Serial 609 previously mentioned.
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Special report. Attention is invited to a special quarterly report 
issued by the Bureau's Seismological Field Survey, with headquarters 
at San Francisco, entitled "Abstracts of Earthquake Reports for the 
Pacific Coast and the Western Mountain Region." The reports are 
in mimeographed form and tabulate in unabridged style all informa 
tion contained in noninstrumental reports collected in the region 
indicated.

INSTRUMENTAL RESULTS

Teleseismic results. On page 31 is a list of Bureau and cooper 
ating teleseismic stations for which the Bureau publishes results. 
The list of epicenters which follows the station list is for the years 
1938 and 1939. Immediate epicenter determinations are frequently 
made through the cooperation of Science Service, the Jesuit Seismo 
logical Association, the Coast and Geodetic Survey, and individual 
stations and the results broadcast without delay to Europe and points 
in the Pacific. Postal card reports are also issued.

Strong-motion results. The introductory remarks in the 
chapter on this subject explain in detail the purpose of the work, 
which is primarily to furnish engineers exact information concerning 
ground movements in the central regions of strong earthquakes. The 
instrumental equipment is essentially different in type from tele- 
seismic equipment although the principles involved are the same. 
Strong-motion instruments are installed mostly in the urban areas of 
California, and operate only when actuated by the movements of a 
strong earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Bureau in connection with a broad cooperative pro 
gram of seismological research being carried out on the Pacific coast 
between the Bureau and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Bureau's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-35," which is obtainable from the Superintendent of Documents, 
Washington, D. C., for 35 cents.

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication.

NONINSTRUMENTAL RESULTS

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Alabama: An earthquake of intensity V occurred on May 4 at Anniston, and 
one of intensity IV on June 24 at Huntsville.

Arizona: Eight weak shocks on February 19 near Grand Canyon; another on 
February 20 and two more on March 9. The southern Nevada earthquake of 
May 4 was felt in Arizona. A weak earthquake occurred in southeastern Arizona 
on June 3, and the earthquake of June 11 south of Boulder Dam was felt in 
Arizona. The usual number of small earthquakes occurred in the vicinity of 
Boulder Dam.

Arkansas: Slight shock at De Queen on June 1, and an earthquake of intensity 
V on June 19.

California: An earthquake of intensity VII occurred in west central California 
on June 24. See map pa.se 63. Earthquakes of intensity VI occurred on January 
11, May 1 and 11, and December 27. See map page 63. There was the usual 
minor seismic activity, and the earthquakes of May 4 in southern Nevada and 
of June 11 south of Boulder Dam were felt in California.
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Connecticut: The Canadian earthquake of October 19 \\as felt in Connecticut.
Delaware: The New Jersey earthquake of November 14 was felt in Delaware.
Ilinoisr An earthquake of intensity about V occurred in southern Illinois on 

November 23. It affected an area of about 150,000 square miles. See map 
page G2.

Indiana: The southern Illinois earthquake of Noven.ber 23 was felt weakly 
in Indiana.

Iowa: A slight shock was reported felt on November 24 at Davenport, and 
the southern Illinois earthquake of November 23 was felt weakly in Iowa.

Maine: The Canadian earthquake of October 19 was felt with intensity V 
in Maine.

Maryland: Slight earthquakes were felt in the northern suburbs of Baltimore 
on June 22, November 17, and November 26. The New Jersey earthquake of 
November 14 nas felt in Maryland.

Massachusetts: The Canadian earthquake of October 19 was felt in Mass 
achusetts.

Michigan: Light tremors reported on November 7 at Escanaba; seismic 
origin doubtful.

Minnesota: Weak shock at Detroit Lakes on January 28.
Missouri: Slight shock on April 15 near New Madrid. The southern Illinois 

earthquake of November 23 was also felt in Missouri.
Montana: Aftershocks of the Helena earthquakes of October 1935 continued 

with diminishing frequency. There were two moderate earthquakes at Trident 
on May 11 and one at Silver City on July 10.

Nevada: Earthquakes of intensity VI occurred on January 11 near Minden, on 
May 4 in southern Nevada, and on May 11 near Mina. See map page  3. A 
\\eaker quake occurred on November 21, and the earthquake of June 11 south of 
Boulder Dam was felt in Nevada.

New Hampshire: The Canadian earthquake of October 19 was felt in New 
Hampshire.

New Jersey: Moderate earthquake on November 14 in the lower Delaware 
River area. See map page 62.

New Mexico: Thirteen minor earthquakes at Chff and nearby, on January 18, 
20 (slight damage), 28, and 31, April 25 (2), May 5, 10, 21, and 23 (felt also in 
Arizona), June 3. and July 22 and 28. The southeastern Arizona earthquake 
of June 3 was felt in New Mexico.

New York: Weak earthquakes on February 21 at Malone, on February 23 
near Attica, on May 31 at Canton, and on September 22 at Port Washington. 
The Canadian earthquake of October 19 was felt in New York.

Ohio: Weak earthquakes on March 18, June 17, and July 9. The Canadian 
earthquake of October 19 was felt in Ohio.

Oregon: Weak earthquakes on January 25 and April 13. The strong earth 
quake of November 12 in Washington was felt in northwestern Oregon, as was 
also the Washington earthquake of November 29.

Pennsylvania: Weak earthquakes on February 9 at Scranton and on April 1 
at Lancaster. The New Jersey earthquake of November 14 was felt in Penn 
sylvania.

South Dakota: Slight earthquake at Fairfax, in Gregory Count}'-, on June 10.
Vermont: The Canadian earthquake of October 19 was felt in Vermont.
Washington: A strong earthquate (intensity VII) occurred in western Wash 

ington on November 12. See map page 64. A moderate earthquake occurred at 
Quilcerie on January 28, and weaker shocks occurred on February 6, July 22, 
November 29 (3), and November 30 (2).

Wisconsin: The southern Illinois earthquake of November 23 was reported 
felt in Wisconsin.

Wyoming: Two weak earthquakes at Jackson Hole on October 22 and one at 
Lake Yellowstone Ranger Station the same day. A moderate shock occurred at 
Jackson Hole on November 1.

Alaska: Moderate shocks on August 19 at Dutch Harbor and on October 16 
near Fairbanks. The usual number of minor earthquakes occurred.

Hawaiian Islands: Moderate to strong shocks on January 19, May 15, 23, 24, 29, 
and 31, and July 14. Weaker quakes on January 15, May 13, June 12, June 19, 
July 1, October 11 (2), November 4, December 17, and December 22.

Panama Canal Zone: Weak earthquakes on March 13, September 9, October 
13, 14, and 20, and November 13 and 27.

Philippine Islands: VII in southeastern Luzon on May 25, center in the Pacific 
Ocean. VI in Samar on February 15, and other minor activit5r on January 5,
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April 5, April 14, May 7, May 8, June 2 (2), 3, 6, 12, and 27, August 5, Sep- 
terrber 12, October 30, November 22, and December 8, 21, and 22.

Puerto Rico: Slight shocks on January 1 and March 7. The earthquake of 
June 12, which centered offshoie to the north, was felt in Puerto Rico, and by 
four ships.

NORTHEASTERN REGION

75TII MERIDIAN OR EASTERN STANDARD TIME

NOTE. In recent years a number of high-grade seismographs designed especially for recording loca 
earthqaukes have been installed in the northeastern region, greatly enhancing our knowledge of prevailing 
seismic activity and the accurate location of seismic foci. The bulletins of all seismographic stations in the 
region should therefore be consulted for additional information. "NESA" refers to the Northeastern 
Seismological Association, having headquarters at Weston, Mass.

February 21: "Early in the morning. 1 ' Local shock felt only in Malone, 
N. Y. Several residents awakened.

February 23: 19:20. A slight earthquake occurred in the vicinitv of Attica, 
N. Y. The shock was local covering an area approximately 10 miles east a,nd 
west of Attica and 12 to 13 miles north and south. Soup and coffee splp.shed on 
hotel tables. The shock was felt slightly at Alexander, Barysburg, Bennington, 
Dari?n, and Perry. No damage. The shcck was not recorded on the seismo 
graph at Canisius College, Buffalo.

May 31: 22:3G. Local shock centered at Canton, N. Y. No damage aside 
from a few dishes thought to have been broken during the shock. Felt slightly 
at Crary Mills, Movley, Pyrites, North Russell, West Pierpont, and Woodbridge 
Corners.

September 22: "Just before dawn." Port Washington, N. Y. One person 
reported hearing a rumble and feeling a slight tremor. It is uncertain whether 
this was an earthquake.

October 19: 6:59.9.* This shock centered in Canada near the confluence of 
the Saguenay and the St. Lawrence Rivers. Mr. M. J. S. Innes, of the Dominion 
Observatory at. Ottawa, has given the instrument?,! epicenter as 47°48' north 
and 69.5° ±0.2° west. Though the shock was not destructive, it was felt over a 
large area in the United States. See map page 61. It was felt south to northern 
Rhode Island, including nearly all of western New York State. The map was 
prepared at Weston College, Weston, Mass., and is based on questionnaire reports 
collected by personnel of the college working in cooperation with the Coast and 
Geodetic Survey. This report includes data furnished from the canvass of the 
affected area.

It should be noted that this report covers only the area affected in the United 
States. It is expected that the Canadian results will be published by the Domin 
ion Observatory at Ottawa. A preliminary abstract of a report on this earth 
quake by Mr. M. J. S. Innes, of the Dominion Observatory, is published in 
Earthquake Notes, volume 12, September 1940, page 16.

INTENSITY V:
Portland, Maine. Alarm clock knocked over; plaster cracked. Damage slight. 
Smith field, Maine.  Buildings creaked; small objects thrown to floor. 
Yarmouth, Maine. Sharp shock; broke windows. Felt by all. 
Belmont, Mass.  Plaster cracked. Damage slight.
Hudson Falls, N. Y. Sharp shock; caused many people to run to street. 
East Haven, Vt. Rattled dishes; trees, plants, and bushes shaken strongly. 

No damage.

INTENSITY IV:
Maine. Bradley, Buckfield, Eustis, Gardner, Holton, Old Orchard Beach, 

Rockland, and St. Francis.
Massachusetts. Amesbury, Brockton, Clinton, East Northfield, Holyoke.
New York. Glens Falls and Saranac Lake.
New Hampshire.  Groveton, Keene, Lebanon, Lisbon, Littleton, North 

Chatham, North Stratford, Pittsburgh, and Whitefield.
Vermont. Barre, Bethel, Bloomfield, Enosburg, Hardwick, Island Pond, 

Poultney, Randolph, Richford, Waits River, Westford, Wilmington, and St. 
Johnsbury.

INTENSITY III AND UNDER:
Connecticut. Blooinfield, Hartford, Mansfield Center, Putnam, Simsbury, 

and Tolland.
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Maine. Auburn, Augusta, Bangor, Bar Harbor, Belfast, Bromfield, Caribou, 
Cumberland, Fort Kent, Harrington, Jackman, Kezar Falls, Lewiston, Machias, 
Naples, Orono, Portland, Presque Isle, Rockland, Rumford, Sanford, Scarborough, 
Stratton, Vanceboro, Waite, Waterville, Weston, and West Forks.

Massachusetts. Adams, Athol, Bolmont, Brookline, Boston, Cambridge, 
Conford, Dalton, Dorchester, East Boston, East Milton, East Wareham, Fitch- 
burg, Greenfield, Haverhill, Hyanuis, Jamaica Plain, Lawrence, Metheun, 
Middleboro, New Bedford, Newton, Newtonville, Peabody, Plymouth, Spring 
field, Stockbridge, Turners Falls, Waltham, Waterlown, Wellesley, Weston, and 
Williams! own.

New Hampshire. Berlin, Bethlehem, Caiman, Claremont, Concord, Conway, 
Durham, Errol, Gorham, Hanover, Haverhill, Hudson, Laconia, Lancaster, 
Lincoln, Manchester, Nashua, New London, Newport, Orford, Pittsburgh, 
Plymouth, Tilton, West Concord, West Stewartstown, and Woodville.

New York. Albany, Boonville, Champlain, Chateaugay, Conklingville Dam, 
Elmira, Endicott, Gouverneur, Hadley, Lewiston, Long Lake, Lowville, Ogdens- 
burg, Plattsburg, Rochester, Saratoga Springs, and Syracuse.

Ohio. Cleveland and Toledo.
Vermont. Barton, Bennington, Barnet, Bellows Falls, Bradford, Brandon, 

Bristol, Burlington, Castleton, Charlotte, Craftsbury, East Fairfield, Jericho, 
Middlebury, Morrisville, Newport, Northfield, Orleans, Pittsford, Rochester, 
Rutland, St. Albans, South Londonderry, Springfield, Waitsfield, Wallingford, 
Waterbury, Windsor, and Woodstock.

EASTERN REGION

75TH MERIDIAN OR EASTERN STANDARD TIME

February 9: "Around 17:50." Scranton, Pa. Weak local shock. Seismic 
origin uncertain.

April 1: "Between 21:30 and 22:30." Lancaster, Pa. Weak shock reported 
felt.

May 4: 21:45. Center near- 33.7° north, 85.8° west. Felt with intensity V at 
Anniston and Oxford Lake, Ala. At Anniston the sudden tremor shook floor 
lamps, moved beds, and rattled dishes, while many ran to the street to find out 
what was making the disturbance. Many people were not certain of the cause. 
The shock was felt less strongly at Blue Mountain, Choccolocco, De Armanville, 
Jacksonville, Jenifer, Lincoln, Talledega, and Weaver, Ala.

June 22: 18:10. Slight shock in the northern suburbs of Baltimore, Md. 
Felt from Ruxton to Govans, over a 5-mile area.

June 24: Three shocks at 4, 5:27, and 0:45 a. m. They were felt at Huntsville, 
Ala., and immediate vicinity. The shocks consisted of light rumbling, accom 
panied by the rattling of dishes and windows. The stronger shock at 5:27 a. m. 
was felt in an area extending eastward from Athens to Paint Rock, Ala., and 
northward from Guntersville Dam, Ala., to Pulaski, Tenn. Tt was most distinct. 
at Huntsville, where it was felt with about intensity IV. One person reported 
seeing telephone poles sway. The attected area covers about 500 square miles. 
No damage.

November 14: 21:54.* Epicenter 39°39'north, 75°13' west. Intensity V, 
Salem County, N. J. Residents of the lower Delaware River area were sta.rtled by 
earthquake tremors, which caused more excitement than damage. The dis 
turbance was reported felt from Trenton, N. J., to Baltimore, Md., and from 
Cape May, N. J., to Philadelphia and its adjoining counties. About 6,000 square 
miles were affected. See map 62. Little or no damage resulted. The intensities 
at the hardest hit places were almost, but not quite, destructive.

The Survey was fortunate in obtaining instrumental data from the seismograph 
stations at the Franklin Institute (Philadelphia), Fordham University (New York), 
and Georgetown University (Washington), which made it possible to determine 
the location of the focal point of the disturbance with unusual accuracy. Verifi 
cation of the computed epicenter was obtained from data furnished by the seismo 
graph stations at Weston College (near Boston) and Willia.ms College (Williams- 
town, Mass.). The epicenter was placed at latitude 39°39' north, longitude 
75°13 west. This point is in Salem County, about 13 miles northeast of Salem 
and 11 miles southwest of Glassboro. Wilmington and Philadelphia are both 
about 20 miles away. The proximity of the seismograph station at Philadelphia 
made it possible to obtain some idea of the depth of the initial disturbance, which 
was placed at about 10 miles.
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The uniform nature of the intensity distribution in the central area verifies, to 
a large extent, the conclusion that the original break in the rock structure occurred 
at a considerable depth; otherwise, there would have been a small area on the 
surface in which the intensity would have been quite severe and probably destruc 
tive. As it was, the shock was felt with practically equal severity over the 
greater parts of Salem and Gloucester Counties. The maximum intensity was 
IV at more than half the places heard frrrn in these two counties. A slightly 
higher intensity was reported from Deepwnter, N, J., where light.abjects were 
reported to have overturned.

The shock originated close to the "fall line,'" which is the dividing line'between 
the Coastal Plain sediments and the first outcropping of the heavier formations 
associated with the Appalachian Mountain System. This was also true of the 
slightly stronger shocks of August 22, 1938, which originated in the western part 
of Monmouth County, southeast of Trenton.

Intensity V: At Deep Water, X. J.
Intensity IV: In Delaware, at Newport and Rockla.nd. In New Jersey, at 

Blackwood Terrace, Gibbstown, Millville, Mullica Hill, National Park, Newfield, 
Pitman, Vineland, Westville, and Woodstown. In Pennsylvania, at Chester, 
Media, and Ogden.

Intensity III and under: In Delaware, at Bellevue, Claymont, Delaware City, 
Dover, Holly Oak, Middletown, Newark, Smyrna, Talleyville, and Wilmington. 
In Maryland, at Bell Air, Centerville, Chesapeake City, Conowingo, Elkton, 
Havre de Grace, Perry ville, Fort Deposit, Pylesville, Reistertown and Westminster.

In New Jersey, at Alloway, Bridgeport, Bridgeton, Browns Mills, Burlington, 
Canton, Cape May, Ccdarville, Centerton, Clarksboro, Clayton, Cream Ridge, 
Dennisville, Deerfield Street, Elmer, Fra.nklinville, Glassboro, Greenwich, 
Hancocks Bridge, lona, Jefferson, Juliustown, Mantua, Maple Shade, Mickleton, 
Moriroeville, Mount Royal, Newport, Paulsboro, Pedricktown, Pennsgrove, 
Port Elizabeth, Port Norris, Quinton, Richland, Richwood, Salem, Sewell, 
Swedesboro, Thorofare, Trenton, Williamstown, Woodbury, Woodbury Heights, 
and Yorktown.

In Pennsylvania, at Avondale, Coatesville, Concordville, Delta, Glen Mills, 
Lansdowne, Lebanon, Marcus Hook, Markham, Newton, Oxford, Prospect Park, 
Wallingford, and Wawa.

November 17: About 21:33. Near Towson, Md. The shock was not recorded 
well enough b}7 seismographs for an instrumental epicenter. From the felt reports 
it appears that the center of the disturbance may have been near 39.5° north, 
76.5° west. The affected area lies within an average radius of about 15 miles from 
this point. The greatest intensit}7 apparently was along the line running north 
east and southwest through Bel Air and Hydes. A concrete partition in a silo at 
Texas is reported to have given way allowing the contents (Calcite lime) tcrrun 
out onto a railroad siding.

November 26: 0:20. Slight shock reported from the area around Towson, 
north of Baltimore. It was not recorded by seismographs and was felt over a 
rather restricted area. Minor damage was done to windows in east Towson. 
It apparently was felt largely in the area along East Joppa Road in Towson. 
Though the shock was not widespread it was stronger at this point than either of 
the shocks felt in this area on November 14 and 17.

CENTRAL REGION

90TH MERIDIAN OR CENTRAL STANDARD TIME

January 28: 11:55. Detroit Lakes, Minn. Intensity IV. Felt over an 
area with a radius of about 50 miles from Detroit Lakes. The shock was felt 
slightly in Vergas, Audubon, Lake Park, and to the north of Detroit Lakes.

March 18: 8:03. Jackson Center, Ohio. Slight shock. Felt also at Anna, 
Botkins, and Sydney.

April 15: 11:30. Slight shock centering just north of New Madrid, Mo., 
according to a report from the central office of the Jesuit Seismological Associa 
tion at St. Louis University. See Earthquake Notes, volume XI, Nos. 1 and 2, 
September 1939, pages 2 and 3. The shock was reported felt at East Prairie, 
Gideon, Lilbourn, Marston, Mathews, and New Madrid, Mo.

June 1: 1:30. Slight shock felt strongest at De Queen, Ark. Intensity IV. 
according to reports. This apparently does not indicate the central area. 
Other reports came from scattered places in Oklahoma, including Antlers,Holden- 
ville, Tulsa, and Oklahoma City.
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June 10: 12:30. Fairfax, Gregory County, S. Dak. Slight tremor. Felt by 
many in Fairfax. There was one shock of approximately 15 seconds' duration. 
It was of a gradual bumping nature, direction northwest to southeast, with a loud 
rumbling sound. Some of the observers were indoors and others in the open. 
The above data were given in a report by the United States Weather Bureau 
observer at Huron, S. Dak.

June 17: 21:20. Intensity about IV. No damage. Reported felt at Bot- 
kins, Jackson Center, Sydney, and Wapakoneta, Ohio. Caused excitement 
among evening crowds on the streets. Strongest at Anna and Botkins.

June 19: 15:43. Intensity V. Arkadelphia, Ark. Plaster cracked in some 
buildings. Also felt at Crossett, Dumas, El Dorado, Fordyce, Hot Springs, Pine 
Bluff, and Prescott.

July 9: 6:50. Anna, Ohio. Slight shock.
November 7: 4:00. Escanaba, ' Mich. Light tremors reported. Seismic 

origin doubtful.
November 23: 9:15.* Southern Illinois. Epicenter by St. Louis 38°13' 

north, 90°04' west, near Griggs, 111. An area of about 150,000 square miles was 
affected. See map page 62. This is a rather large area for a shock of intensity 
V. Note the area affected is restricted in the vicinity of the hills to the east but 
tends to spread out along the Mississippi and Missouri River Valleys to the north 
and northwest. Reports received indicate the shock was felt with intensity V 
at Sparta, 111.; intensity IV at Springfield and Staunton, 111., and at Festub and 
St. Louis in Mo.; intensity III, and under, at Alton, Belleville, Chester, Cairo, 
Carliriville, Decatur, Du Quoin, Edwardsville, Greenview, Jackson, Jacksonville, 
Mount Olive, Mount Vernon, New Berlin, Petersburg, Quincy, and Taylorville 
in Illinois; Chanute, Fort Riley. Junction City, Ottawa, and Pittsburg in Kansas; 
Cape Girardeau, Clayton, Columbia, Bristol City, Flat River, Fulton, Hannibal, 
Jefferson City. Kansas City, Ste. Genevieve, and St. Joseph in Missouri; Iowa 
City and Keokuk in Iowa; Evansville in Indiana; and Janesville in Wisconsin.

NOTE. Additional details will be found in the abstract of a paper by Honry F. Birkenhauer, S. J., pub 
lished in Earthquake Notes, volume XII, Nos. 1 and 2, September 1940, page 1.5.

November 24: 13:45. Davenport, Iowa. A very slight shock reported felt

WESTERN MOUNTAIN REGION

105TH MERIDIAN OR MOUNTAIN STANDARD TIME

NOTE. Only the more important of the aftershocks of the Helena, Mont., earthquakes of October 1935 
are listed. Complete lists of the reports received are available in mimeographed form from the Director 
of the United States Coast and Geodetic Survey, Washington, D. C., and from W. E. Maughan, in charge 
of the local office of the United States Weather Bureau at Helena, who compiled the data.

Only the more important shocks felt at Boulder Dam are listed. The unabridged list is published in 
Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain Region.

January 18: 7:00. Cliff, N. Mex. Slight shock felt by few. No damage.
January 20: 5:10. Gila and vicinity, N. Mex. Felt by several. Roof 

popped; walls cracked. Many awakened. Slight damage.
January 28: 21:30. Chama, N. Mex. Slight shock.
January 31: 10:10 and 10:15 (a. m. or p. in. not given). Hillsboro, N. Mex. 

Felt by many. Windows, doors, and dishes rattled. No damage.
February 19: 4:00. Eleven miles east of Grand Canyon, Ariz. Felt by 

several. About eight shocks from 4 a.m. to 4 p.m. noticed by numerous people. 
Most shocks seemed like heavy blasts. Another shock was reported felt at 
16:35 on February 20.

March 9: 6:30. Four miles north of Grand Canyon, Ariz., Post Office. Severe 
shock at junction of Pipe Creek and Colorado River. Shook dishes from rack 
and awakened all occupants of a construction camp.

March 9: 11:30. Four miles east of Grand Canyon, Ariz. Felt by several. 
Bumping motion; rumbling sounds heard by several before shock.

April 25: 10:16. Cliff, N. Mex. (White Creek Ranger Station). Felt by 
few. No damage.

April 25: 11:16. Boulder City. Two shocks. Felt by many. Some plaster 
fell. No damage. Thought to be a blast at first.

April 25: 18:57. Cliff, N. Mex. (White Creek Ranger Station). Felt by 
few. No damage.

May 4: 13:44.* Epicenter about 36.0° north, 114.8° west by Pasadena. The 
shock was felt over a comparatively large area in Arizona, California, and Nevada. 
See map, page 63. The maximum intensity reported was approximately VI.
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A higher intensity may have been reached in the uninhabited areas. In the vicin 
ity of Boulder Dam large rocks were reported to have fallen into roadways, in 
some instances making them virtually impassable. A heavy dust cloud was 
seen to the south of Boulder Darn and probably resulted from rock falls or slides. 
Strong-motion records were obtained on the accelerographs at Boulder Dam, 
the Nevada Intake Tower, and the Oil House.

May 5: 14:57; 15:05; 15:30. Cliff, N. Mex. (White Creek Ranger Station). 
Slight shocks felt. No damage.

May 10: 1:00. Cliff, N. Mex. (White Creek Ranger Station). Slight shock. 
No damage.

May 11: 16:40. Trident, Mont. Felt by many; slight. While felt by many 
who w ere indoors, it was apparently not felt by more than two or three who were 
outdoors.

May 11: 17:00. Trident, Mont. Felt by nearly all. Bumping subterranean 
sounds heard by all. Some plaster cracked, but none fell. Some people ran 
outdoors,

May 11: 22:20. Trident, Mont. Felt by many. A few awakened while 
others were not awakened. No damage.

May 21: 14:00; 17:00. Cliff, N. Mex. (White Creek Ranger Station). Felt 
by several. No damage.

May 23: 8:25. Cliff, N. Mex. (White Creek Ranger Station). Felt by few. 
Walls creaked. No damage.

June 3: about 18:15. Southeastern Arizona.
Duncan, Ariz. Felt by many. Plaster cracked. Slight damage.
Clifton, Ariz.  Felt by many. Small objects moved. No damage.
Frank'An, Ariz.  Felt by many. Windows and dishes rattled.
SiiVer City, N. Afro;. Felt by many. Windows rattled. No damage.
Mogollon, N. Mex. Slight shock. No damage.
June 3: 22:00. Clifton, N. Mex. Felt by several.' Walls creaked; dishes 

rattled. No damage.
June 11: 12:15. Moderate shock centering south of Boulder Dam.
Bjulder City, Nev.  Felt by all. Walls creaked; plaster cracked in several 

homes; some plaster fell. Damage slight. Dust cloud seen to the eastward.
Bjuller Dim, Nev.   Up-and-do^vn nntion felt bv all. Dirt and rock slides 

reported along the canyon walls below the dam to the south.
U. S. Gaging Station, near Willow Beach, Ariz. Felt by all. Doors and 

windows rattled. No damage.
E^in, Nev. Shock reported felt. No details.
Mojave City and Oatman, Ariz. Walls creaked; plaster cracked. Damage 

slight.
Searchlight. Nev. Very slight shake felt by few.
Duncan, Ariz. Slight. Felt by few.
Topo^k, Ariz. Slight quake felt by few. No damage.
Valentine, Ariz. Slight. Only one person positive it was an earthquake.
Not felt in Arizona: Bouse, Hackberry, Parker, and Wikieup.
Not felt in California: Blythe, Cima, Earp, Fenner, Ivanpah, Kelso, Nipton, 

15 miles east of Nipton, and Vidal.
Not felt in Nevada: Arden, Bunkerville, Carp, Caliente, Dry Lake, Imlay, 

Jean, Logandale, Moapa, Overton, Rox, and Sloan.
July 10: 10:35. Silver City, Mont. Felt by three people. Northwest to 

southeast motion. Whistling sound heard just before bump. Tops of plants in 
windows moved about 3 inches.

July 22: p. m. (time not given). Mogollon, N. Mex. (Willow Creek Ranger 
Station). One shock felt by several. No damage.

July 28: 17:05. Mogollon, N. Mex. (Willow Creek Ranger Station). Five 
seconds. Felt by several. Windows and dishes rattled.

October 22: 16:00. Jackson Hole, Wyo. Two minor but distinct shocks 
were felt in the town of Jackson, which is situated in the southern end of the Jack 
son Hole Valley. They occurred close together. No damage. The shocks 
were characteristically local, no shock being reported in the northern portion of 
Jackson Hole. As far as could be determined, there were no large slides in the 
mountain areas either before or after the earthquake. Further details may be 
found in the Bulletin of the Seismological Society of America, volume 30, No. I, 
January 1940, page 85.

October 22: 18:40. Lake Yellowstone Ranger Station. Sharp shock gen 
erally felt. No damage.
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November 1: 23:00. Jackson Hole, Wyo. Moderate shock. Felt in the 
lower Jackson Hole Valley. It appeared to be strongest at a point 1 mile south 
west of Jackson and was felt by a number of Jackson residents. No damage. 
The shocks were local in character, there being no reports from the northern end 
of the valley. Details may be found in the Bulletin of the Seismological Society 
of America, volume 30, No. 1, January 1940, page 85.

November 17: 23:38. Moderate shock felt at Helena, Mont. Maximum 
intensity about IV. No damage.

November 21: 15:40.* Epicenter about 36.5° north, 115.0° west, Clark 
County, Nev., -by Pasadena. Rox, Nev. Felt by many. North-south motion. 
No damage.

CALIFORNIA AND WESTERN NEVADA

120TIJ MERIDIAN' OR PACIFIC STANDARD TIME

NOTE. All places are in California unless otherwise stated. "B" \yritten after the location of an epi 
center means that the location was reported by the Seismological Station of the Unitversity of California 
at Berkeley; Perry Byerly in charge. The Berkeley report is available for comparison for the first three- 
quarters of 1939 as this publication Roes to press. "P" refers likewise to the Seismological Laboratoty of 
the California Institute of Technology and the- Carnegie Institution of Washington at Pasadena. More 
details will be found in Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain 
Region. The Bulletin of the Scismolugical Society of America is referred to as "S. S. A. Bulletin."

When more than 1 degree of intensity is reported from a town, the town is listed under each intensity 
reported.

January 1: 16:24. Huntington Beach, 5 miles oast. Light shock felt.
January 1: 16:49.* Epicenter about 33°34' north, 117°59' west, P. Off 

Newport Beach. Felt slighty 5 miles east of Huntington Beach, also at Long 
Beach.

January 1: 19:26.* Epicenter about 33°37' north, 118°02' west, P. Off 
Huntington Beach. Felt slightly 5 miles east of Huntington Beach.

January 2: 4:00. Huntington Beach, 5 miles east. Felt very lightly.
January 2: 4:07. Huntington Beach, 5 miles east. Felt slightly.
January 2: 8:07.* Epicenter about 33°34' north, 117°59' west, P. Off New 

port Beach. Lightly felt 5 miles east of Huntington Beach.
January 4: 2:49> Epicenter about 34°13' north, 117°12' west, P. San 

Barnardino Mountains. Crestline. Felt by few.
January 4: 19:10. Brawley. This was the most severe of a dozen mild 

shocks in the Imperial Valley.* (See S. S. A. Bulletin, April 1939.)
January 6: 9:58. Olympia (Santa Cruz County). Slight shock.
January 7: 12:21.* 'Epicenter 36°00' north, 117°44' west, P. Near Coso 

Hot Springs. Twenty-two small aftershocks recorded at Haiwee. No damage. 
The shock was slightly felt at Bodfish, Darwin, Hospital Rock Ranger Station 
(Sequoia National Park), Isabella (Forest Service), Kern Canyon (near Bakers- 
field, Southern California Edison plant No. 1), Kern River (near Kernville 
Southern California Edison plant No. 3), Kernville, and Trona.

January 7 or 8 (?): Pinnacles. Slight shock reported felt by few.
January 10: 22:20 (about). Quincy. Slight shock felt by several.
January 11: 10:34. Light shock felt at Fairmont and Palmdale.
January 11: 14:00.* Epicenter about 10 miles southeast of Minden, Nev. B. 

The earthquake was reported felt over a land area of approximately 8,000 square 
miles in east-central California and west-central Neyada. See map page  . 
A maximum intensity of approximately VI was reached in the vicinity of Coleville, 
Calif., where it was felt by all. Small objects were overturned, but no damage 
done.

INTENSITY V:
Altaville. Moved small objects. No damage.
Gardnerville, Nev.. Felt by many. Plaster cracked. Damage slight.
Hudson, Nev. Felt by many. Hanging objects swung; dishes broken. 

Slight damage.
Tuolumne. Felt by few. "Shock was severe enough to make us jump and run 

outdoors."
Intensity IV: Bridgeport, Camino, Camp Connell, Carson City, Nev., Chinese 

Camp, Dayton and vicinity, Nevada; Fiddletown, Georgetown, Jackson (Pacific 
Gas & Electric power plant at Salt Springs, Regulator Dam, and Tiger Creek), 
Long Barn, Mather, Markleeville, Mason, Nevada, Meyers, Minden, Nev., 
Mountain Ranch, Murphys, Pinecrest, Salt Springs (Pacific Gas & Electric 
power house), Simpson, Nov., Sonora, Smith, Nev., Sonora (2 miles northeast), 
Stanislaus, Stanislaus (Pacific Gas & Electric powerhouse), Tahoe Pines, Topa/,
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Weeks, Nev.; Wellington, Nov., Westpoint, Woodford*, and Yosenrite National 
Park.

Intensity III and under: Carson City, Nev., Long Barn, Movers, Mountain 
Ranch, Pinecrest, and Sonora.

Not felt at Bodie, Cisco, Jamestown, Mono Lake, Placerville, Soda Springs, 
Truckee, Vade.

Not felt in Nevada: Hawthorne and United States Naval Ammunition Depot, 
Shurz, and Wichman.

January 11: 20:00. Georgetown. Very slight.
January 20: 23:08.* Pinnacles. Felt by several.
January 26: 9:08. Huntington Beach, 5 miles east. Slight shock.
January 26: 13:58. Huntington Beach, 5 miles east. Very light shock.
January 28: 12:20.* Epicenter at sea about 50 miles west of Eureka, B. 

"Felt throughout southern Humboldt Countv."
January 30: 23:10.* Epicenter 30°10' north, 116°58' west, vicinitv of 

Palomar Mountain, P. Felt slightly at E-condido (S. S. A. Bulletin, April 1939).
February 4: 15:41.* Epicenter 33°59' north, 118°18' west, southwest of 

Los Angeles, P. Maywood. Slight shock felt.
February 4: 19:30. Paso Robles. Slight shock.
February 6: 2:15.* Epicenter 33°47' north, 118°08' west, near Long Beach, 

P. Lomita. Very slight shock.
February 8: 22:4-4.* Epicenter about 35°56' north, 120°29' west, near 

Parkfield, P. Slight shock felt.
February 11: 0:34.* Epicenter 33°59' north, 118°18' west, southwest Los 

Angeles, P. Felt in Wilshire district.
February 11: 19:12.* Epicenter 34°25' north, 119°50' west, near Santa 

Barbara, P. Felt slightly in Santa Barbara and Goleta.
February 17: 19:33.*" Carlolta. Felt by a few.
February 23: 0:45,* 0:58,* aftershock, 1:18,* 3 aftershocks, 1:33,* 1:46,* 

2:25.* Epicenter 34°-J9' north, 119°00' west, San Andreas fault, Cuddy Valley, 
P. (Times received on the reports of these earthquakes are confused.) It was 
a moderate .shock felt at Acton, Fillmore, Fraxier Park (Chucinipate Ranger 
Station, sec. 1, T. 8 N., R. 20 W.), Hollywood, Maricopa (Cuyama Ranger 
Station, Forest Service), Maricopa, Sandberg (Weather Bureau), Saticoy, Saugus. 
Tehachapi, Tejon Ranch (Kern County), and Tujunga.

February 23: 21:27.* Moderate shock felt at Chnalar, King City (Arroyo 
Seco Guard Station), and Pinnacles. Epicenter about 9 miles northwest of San 
Benito, B.

February 24: 10:05. Bodfish. Slight shock felt by a few.
February 27: 17:JO. Santa Rosa. Moderate shock (S. S. A. Pullet in 

April 1939).
March 2: 12:13.* Light shock felt at Clovmlale and Skaggs Springs. Epi 

center verv near Geyserville, B.
March?: 11:53.* Epicenter 34°49' north, 119°00' west. Cuddy Valley, P. 

Felt at Frazier Park (Chucinipate Ranger Station, sec. 4, T. 8 N., R. 20*W.). 
Windows were rattled. No damage.

March S: J:00. Sonora, 2 miles east. Shock was a single bump from the 
north.

March 11: 5:00.* Epicenter about 33°3i' north, 117°59' west, off Newport 
Beach, P. Felt slightly 5 miles east of Huntington Beaeh.

March 11: 11:39.* 'Epicenter 33°34' north, 117°59' west, off Newport 
Beach, P.

March 12: 14:05.* Epicenter at sea about 90 miles west of Trinidad, B. 
Felt by a few in Ferndale.

March 15: 11:10. Huntington Beaeh. Rather strong local shock felt.
March 17: 5:09.* Light shock felt at Scotia and Upper Mattole. Epicenter 

about 100 miles west of Eureka, B.
March 21: 0:35.* Epicenter about 32°27' north, 115°37' west, Lower Cali 

fornia, P. Felt at El Centra. Many awakened. No damage.
March 21: 5:51.* Epicenter about 32°27' north, 115°37' west, Lower Cali 

fornia, P. The earthquake was reported felt in a radius of approximately 10 to 
15 miles around El Centro. The earthquake reached a maximum intensity of 
approximately IV to V at Calexico, El Centro, and Imperial, where it was felt by 
many and many were awakened. No damage. A strong motion record of the 
earthquake was obtained from the accelerograph at El Centro. The shock was 
also felt at Hipass and Seeley.
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Not felt at Brawley, Calipatria, Campo, Jaeumba, Mount Lacuna, Niland, 
Pine Valley, Plaster City. San Diego (Mission Hills), Westmoreland.

March 21: 19:19.* Epicenter about 5 or 10 miles north of Portola, B. Felt 
weakly at Blue Canyon and Portola, Plumas County.

March 21: 19:20. Blue Canyon (Placer County). Felt by many. No 
damage.

March 22: 11:16.* Epicenter about 34°45' north, 116°10' west, near Ludlow. 
May have been deeper than usual. P. Ludlow. Felt by many. No damage.

March 24: 1:10. El Centro. Felt bv a few and a few awakened.
March 24: 18:59.* Epicenter about 32°27' north, 115°37' west, Lower Cali 

fornia, P. The earthquake was reported felt within a radius of approximately 
10 to 15 miles around El Centro. The maximum intensity was approximately 
IV to V at Calexico, El Centro, and Imperial. No damage. Slight shocks were 
also reported felt at 1:10, 19:27, and 21:00. Another shock was reported felt at 
5:54 on March 25. A strong motion record was obtained from the accelerograph 
at YA Centro. The shock was also felt at Heber, Holtville, and Seeley.

March 24: 19:25.* Epicenter about 32°27' north, 115°37' west,~P. El Cen 
tro. Felt by many. No damage.

Not felt at Brawley, Calipatria, Mecca, Niland, Jacumba, Mount Laguna, 
Plaster City, San Diego (Mission Hills).

March 24: 19:45. Pinnacles. Felt by many. No damage.
March 24: 20:31. San Diego (Mission Hills). Light shock felt by only a few.
March25: 5:54.* Epicenter about 32°27'north, n5°37'west, P. 'Lightshock 

felt at El Centro and Heber.
March 26: 16:45.* Epicenter about 3 miles southeast of Hayward, B. Felt 

in Castro Valley.
March 28: 12:32.* Light shock felt at Bridgeville, Fortuna, Scotia, Upper 

Mattole, and Whitlow.
March 29: 13:01.* Light shock felt at Adin, Bieber, Big Valley, Burney, 

Cassel, Dana, Fall River, Fall River Mills, Glenburn, Hat Creek, Lookout, 
Me Arthur, Mills, Montgomery Creek, Nubieber, and Pittville.

Not felt at Big Bend, Burney, Canby, Cayton, Chester, Mineral, Viola, and 
White Horse.

March 30: "Late today." Sharp shock reported in area around Mount 
Lassen.

April 2: 18:50!* Epicenter about 34°12' north, 117°05' west, San Bernardino 
Mountains, P. Light shock felt at East Highlands (San Bernardino County). 
Lake Arrowhead, Big Bear Lake, and Victorville.

April 6: 13:43.* A light shock felt at Berkeley, Canyon, East Oakland, 
Oakland, and San Leandro. A sharp tremor was felt at the Chabot Observatory 
filter plant. Epicenter 37°47' "north, 122°06' west, about 8 miles north of 
Hayward, B.

Not felt at Berkeley, Kensington Park district; Berkeley, 203 Williamette 
Avenue; Berkeley Post Office; Cleremont, Lafayette, Moraga, and Richmond.

April 15: 2:4L* p]picenter about 32°27' north, 115°37' west, Lower Cali 
fornia, P. Light shock felt at Calexico and El Centro.

April 15: 7:52.* Epicenter about 32°27' north, 115°37' west, Lower Cali 
fornia. P. El Centro. Felt by all. Circular motion felt. No damage.

April 16: 19:17.* Epicenter about 32°27' north, 115°37 / west, Lower Cali 
fornia, P. Moderate shock felt at El Centro. Felt by all. Walls and frames 
creaked. No damage.

April 17: 8:59.* ^Epicenter 33°17' north, 118°08' west, near Long Beach, P. 
Long Beach. Felt by many. Slight creaking of building. No damage.

April 18: 23:11.*' Epicenter 32°35' north, 117°48' west, off San Diego, P. 
Light shock felt at Lakeside, San Diego, and at Point Loma.

April 24: 22:22.* Epicenter 33°47' north, 118°08 / west, near Lone Beach, P. 
Moderate shock; apparently strongest at Seal Beach, Lakewood Village, and 
Signal Hill. Some plaster was cracked at Lakewood Village. The shock was 
also felt at San Pedro, Long Beach, and Maywood.

April 28: 14:34.* Light shock felt at Eureka, Ferndale, Scotia, Upper Mat 
tole, and Whitlow. Epicenter about 30 miles southerly from Ferndale, B.

May 1: 12:22.* Epicenter 32°00' north, 117°30 / west, P. Light shock felt 
at Chula Vista, Encanto, Jaeumba (12:23, 15:53, 15:59), La Jolla, Nestor, North 
San Diego, Oceanside, Palm City, Pine Valley, Point Loma (12:23, 15:53), San 
Diego (Mission Hills), and San Diego.
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Not felt at Alpine, Borego, Escondido, El Centre, La Mesa, Mount Laguna, 
Pala.Plaster Citv, Ramona, and San Marcos.

May 1: 13:54> Epicenter 40.2° north, 124.7° west, at sea nhont 20 miles off 
Punta Gorda, B. Light shock felt at Arcata, Bluelake, Briceland, Cape Men- 
docino, Capetown, Carlotta, Dyerville, Ettersburg, Eureka (Weather Bureau), 
Ferndale, Garberville, Honey dew, Petrolia, Scotia, Upper Mattole, and Westport.

Not felt at Alder Point and Trinidad.
May 1: 15:53.* Epicenter 32°00' north, 117°30' west, P. The earthquake 

was felt over an area of approximately 1,400 square miles in the southwest section 
of San Diego County, Calif. See map, page ti3. The shock was felt along the 
coast from the Mexican border to Oceanside, Calif., on the north. Inland the 
shock was felt at Bonsall, Pine Valley, and Hipass, Calif. The maximum in 
tensity of VI was reported at Pine Valley, where vases were overturned and 
knickknacks fell. No structural damage was reported. Weaker shocks were 
felt at approximately 12:22 and 15:57. A strong-motion record was obtained 
from the accelerograph at San Diego. The shock was reported felt at Bonsall, 
Descanso (Civilian Conservation Corps camp), El Cajon, Encanto, Hipass, 
Jamul, Lakeside, Nestor, Oceanside, Palm City, Pine Valley, San Diego (Weather 
Bureau), San Marcos, and Sunnyside.

Not felt at Dulzura, Escondida, Ramona, La Mesa, Plaster City, and 
Sunnyside.

May 1: 15:59. Light shock felt strongest at Pine Valley. Reported felt at 
Nestor, Oceanside, Palm City, Pine Valley, and San Ysidro."

Not felt at Escondido, Julian, La Mesa, Plaster Citv, and Ramona.
May 2: 5:15.* Epicenter about 29.5° north, 113.8° west, Gulf of California, 

P. Reported felt at Point Loma, San Diego (Weather Bureau), Mission Hills, 
and Newport Beach.

May 2: 10:49.* Epicenter about 35°56' north, 120°29' west, near Parkfield, 
Monterey County, P. Slight. IV at Parkfield.

May 3: 0:28.* Epicenter 32°00' north, 117°30' west, P. Felt slightly at 
Nestor and San Diego (Mission Hills).

May 3: 4:39. Slight shock at Paso Robles.
May 3: 15:58.* Epicenter 32°00' north, 117°30' west, P. Felt slightly in 

San Diecro (Mission Hills).
May 7: 18:48.* Epicenter 34°49' north, 119°00' west, Cuddy Valley, P. 

Moderate shock. Felt at Fra/ier Park (Chuchupate Ranger Station, sec. 4, 
T. 8 N., R. 20 W.), and Marieopa.

May 11: 10:40.* (Aftershocks at 12:59,* 22:42.* 23:49.*) Epicenter about 
38°35' north, 117°50' west, near Mina, Nev., P. The earthquake was felt over 
an area of approximately 38,000 square miles in west central Nevada and east 
central California. See map, page 63. In Nevada the shock was felt as far east 
as Eureka, as far north as Lovelock, and as far west as Carson City arid Reno. To 
the south, it was felt at Gold Field and Beatty. In California the shock was felt 
to the north at Topaz, to the west at Yosemite National Park, and to the south as 
far as Bishop. An intensity of approximately VI was reached in the vicinity of 
Rawhide, Nev., where objects were reported overturned and displaced. Carson 
City and Mount Montgomery, Nov.; and Bodie, Calif., reported movement of 
small objects and furnishings. Higher intensity may have been reached in the 
large uninhabited areas. No structural damage was reported. A strong mo 
tion record was obtained from the accelerograph at the Hawthorne Naval Ammu 
nition Station, 3 miles northwest of Hawthorne, Nev.

INTENSITY VI:
Rawhide, Nev. Felt by all. Pendulum clocks facing north were stopped; vases 

overturned; trees and bushes shaken strongly. No damage.
INTENSITY V:
Bodie. Felt by all. Walls and frames creaked; moved small scales. No 

damage.
Carson City, Nev. Felt by many. Moved small furnishings. No damage.
Gilbert, Nev. Felt by all. Small objects moved.
Mina, Nev. Two shocks, 10:04 and 13:00, felt by several. Walls creaked; 

some clocks stopped.
Mount Montgomery, Nev  Felt by all. Walls creaked; small objects and 

furnishings moved. No damage.
Schurz, Nev. Felt by several. Walls and frames creaked. No damage. One 

truck and tractor were noticed to move slightly as though rocked.
Yerington, Nev. Shock felt by several. Some plaster cracked. No damage.
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Intensity IV: At Benton, Bishop, and Bridgeport. In Nevada, at Austin, 
Beatty, Dyer, Eureka, Fallen, Goldfield, Hawthorne, Hazen, Hudson, Tone, 
Lovelock, Luning, Mason, Reno, Round Mountain, Silver Peak, Mona Lake, 
Smith, Stillwater, Thorne, Tonapah, and Topaz.

Intensity III and under: At Bishop, Mona Lake. Topaz, and Yosemite National 
Park. In Nevada, at Beatty, Reno, Stilhvell, Thorne, Wabuska, and Wichman.

Not felt at Bigpine, Bijou, Camp Council, Camp Richardson, Coleville, Darwin, 
Deep Springs, Death Valley, June Lake, Keeler, Laws, Leevining, Little Lake, 
Long Barn, Lone Fine, Mammoth Lakes, Markleeville, Olancha, Meyers, Sho- 
shone, Tecopa, Trona, Westend, Westpoint.

Not felt in Nevada: Adahaven, AJamo, Battle Mountain, Beatty, Bristol Silver, 
Bunkerville, Calicnete, Carp, Currant, Currie, Delamar, Dry Lake, Ely, Gardner- 
ville, Genoa, Gold Point, Jean, Las Vegas, Lund, McGill, Minden, Nixon, Oreana, 
Overton, Palisade, Panaca, Pioche, Preston, Pyramid, Rox, Searchlight, Silver 
City, Sparks, Steamboat, Steptoe, Sutcliffe, Unionville, Veya, Wellington.

Not felt in Arizona: Chloride, Kingman, Littlefield, Peach Springs, Topock.
Not felt in Utah: Bervl, Central, Enterprise, Gunlock, Logandale, Lund, Mo- 

dena, New Castle, Santa Clara, Saint George.
May 12: 11:25.* Epicenter 33°28 J north, 116°3.<5' west, Terwillip-er Valley, P. 

Lightshock felt at Lakeside, Mecca, San Diego (Mission Hills), Thermal, and 
Warner Springs

May 12: 12:54.* Epicenter 33° 50' north, 118° 00' west, P. Felt by a few in 
Long Beach.

May 14: 6:00. Redondo Beach and Torrance. Ashock was felt which jarred 
a few dishes from shelves (S. S. A. Bulletin, July 1939).

May 16: 0:24.* Greenville. Felt hv many. Walls creaked. Many awakened. 
No damage. Epicenter about 30 miles east of Mineral, B.

May 16: 19:12.* Epicenter about 37°30' north, 11S°32' west, near Laws, 
Calif., P. Light shock felt at Bishop and Keeler.

May 21: 11:59.* Epicenter about 37°30' north, 118°32' west, near Laws, 
Calif., P. Felt by many in Laws. No damage.

May 30: 18:05.* Light shock felt at Aptos, Los Gatos, Santa Cruz, and 
Sequel. Epicenter about 6 miles south of Wrights, B.

Juno 7: 7:14.* Li^ht shock felt at Healdsburg (S. S. A. Bulletin, July 1939). 
Epicenter about midway between Healdsburg and Jenner, B.

June 13: 9:15.* Epicenter 37°01' north, 117°15' west, P. Light shock felt 
at Beatty, Nev., Darwin, Death Valley, and Tinemaha Dam.

June 13: 10:10. Death Valley. Light shock felt by several. No damage.
June 16: 20:30. Los Alamos. The observer reported, "There appears to be 

a number of earthquakes felt in the section of town where I reside that are not 
noticed in the center of town. Most of them appear to be just bumps, which 
rattle windows, but most of them are accompanied by a report such as an explosion 
or blast."

June 20: 9:53.* Epicenter about 35°42' north, 118°22' west, Sierra, Nev., 
near Kernville, P. Light shock felt at Kernville and Kernville power plant No. 
3, ntrar Kernville (Southern California Edison Co.)

June 20: 10:30. Isabella (ranger station). Felt by all. Creaking of'walls 
and frame. No damage.

June 20: 10:30. Kernville. Felt by many. Walls creaked. No damage 
observed. A very loud report, like thunder, preceded a jar.

June 21: 5:40. Havward. A slight earthquake awakened residents of Castro 
Valley (S. S. A. Bulletin, October 1939).

June 21: 8:34.* Felt by a very few near Ferndale. Probably a foreshock of 
the next earthquake, B.

June 22: 10-42.* The earthquake was felt over a land area of approximately 
1,000 square miles in the vicinity of Cape Mendocino in northern California. 
See map, page  . It was felt to the north at Arcata and to the south at Etters- 
burg. Inland it was felt at Scotia. The maximum intensity was approximately 
V at Upper Mattole, where it was reported to have moved small objects and 
furnishings. At Capetown and Ferndale the shock was reported to have been 
felt by all. No damage. A strong motion record was obtained from the acceler- 
ograph at Ferndale. The shock was felt at Cape Mendocino, Capetown, Etters- 
burg, Eureka (Weather Bureau), Ferndale, Fields Landing, Loleta, Petrolia, 
Punta Gorda Light Station, Scotia, and Upper Mattole. Epicenter at sea about 
6 miles northwest of Punta Gorda, B. Not felt at Alder Point, Arcata, Brice- 
land, Bridgeville, Ettersburg, Garberville, Harris, and South Fork.
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June 23: 9-15. Mineral. Shock felt hv one person. Small objects moved 
and buildings swayed. Reported felt at Broke Off Mountain Lookout (sec. 20, 
T. 30 N., R. 4 E.) at 9:27. Probably same as the next quake.

June 23: 9:28.* Intensitv V at Broke Off Mountain Lookout Station near 
southeast corner of Lassen National Park. Strong in Warner Valley. Felt at 
Manzanita Lake and Mineral. Epicenter about 12 miles from Mineral, B.

June 23: 12:48.* Epicenter about 32°QO' north, 117°04' west, off const of 
Lower California, P. Slight shock felt at San Diego (Mission Hills) and Point 
Loma.

June 24: 4:15. Morgan Hill. Frames creaked. Many awakened.
June 24: 4:40. Marina. Felt by many and many awakened.
June 24: 4:55. Bradley. Felt by few. Walls and frames creaked.
June 24: 4:59. San Martin. Felt by many and many awakened.
June 24: 5:02.* Epicenter about 4 miles west of Tres Finns, H. The shock 

was felt over a land area of approximately 10,000 square miles in west central 
California. See map, page P3. It was felt along the coast as far north as Half 
Moon Bay and to the south to Estero Bay. Inland the shock was felt at Volta, 
Tranquillity, and Coalinga. A maximum intensity of approximately VII was 
reached in, an area of about 2 square miles, 10 miles southwest of Hollister. Struc 
tural damage occurred to a number of buildings on three different ranches. Sev 
eral instances of fallen chimneys occurred. Many cases of badly cracked brick in 
adobe walls were found. Chimneys were twisted severely at the roof lines, 
making repairs necessary. One-half-inch-wide earth cracks were found in several 
places on these ranches. Several cracks were reported in the highway. There 
were also several instances of broken windows and a number of cases of cracked 
wall paper and plaster. There were numerous cases of dislodged and overthrown 
cases of all sizes. Heavy furnishings moved. Many cases of overturned and dis 
lodged objects were reported. Trees were observed to sway. The shock was 
felt by all and awakened all or many in the central area.

INTENSITY VII:
Hollister, 7 miles south (San Benito winery). Felt by all. Chimneys fell. 

Considerable damage.
Hollister, 5 miles south. Water heater pulled out from wall, bringing molding 

with it; several glasses broken; clock on mantel, facing southwest, stopped.
Hollister, 8 miles south (Orhwall ranch). Objects on northeast wall over 

turned in two houses. One chimney toppled over and another cracked above the 
fireplace; fireplace hearth badly cracked; chimney cracked at roof line, shifting 4 
inches south; loose bottles and other objects overturned and broken on the 
tables. Chimneys were well mortared with concrete and were supposed to be 
earthquake proof.

Hollister, 8}'i miles south (Mono ranch). Upper 5 feet of chinney toppled; paper 
on south wall cracked; loose objects thrown on the floor. Noise preceded the 
shake by about 2 seconds.

Hollister, 6 miles south (Noeltner ranch). Water bottle (full) overturned. No 
damage. Motion appeared to be north-south at first, then up and down.

Hollister, 7 miles south (Palm Tag ranch). Alarm clock on dresser overturned 
on'face. Noise heard before shock.

Hollister, 8y2 miles southeast (V. E. Smith ranch). Very hard shake but little 
damage. Cracks in ground appeared across the highway.

Hollister, 9 miles south (Contivol ranch). No chimney or plaster that could be 
damaged. Dresser and lamp stand moved northwest. Some bottles in a medi 
cine cabinet were overturned.

Hollister, about 12 miles south (Murphy ranch). Plaster cracked;dishes thrown 
on floor; lamp stand overturned. No appreciable damage.

Hollister, ley^ miles southeast (the Water's ranch). Milk in pans and kettles 
spilled. A few glasses were broken.

Hollister, 560 Sixth Street. Pendulum clocks facing south stopped. Many 
awakened. Slight damage.

Hollister, 23 miles south. Rattled glasses on shelf but nothing was overturned.
Hollister, 16 miles southeast, 1 mile west of Pinnacles Highway. Well-built 

house on concrete foundation. Northwest-southeast motion was followed by 
up and down quiver. No objects were overturned.
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INTENSITY VI:
King City (Associated Oil Station No. 5 at Bitter Water). Felt by All. Walls 

creaked. Pendulum clocks facing northeast were stopped. Small objects over 
turned. All awakened. No damage.

King City, 17 miles northeast.  North-south rocking motion. Heard shock 
approaching a few seconds before arrival. Three small perfume bottles over 
turned on the dresser.

Kirig City. Felt by many. Small furnishings moved. Many awakened. No 
damage.

Paicines, 6 miles southeast. Felt by all. Walls creaked. Pendulum clocks 
facing east were stopped. Small objects overturned; bottles broke. All awakened. 
Sleeper on cot thrown east. Tank house seemed to sway a few inches. On shelves 
running east-west nearly all bottles were upset; a clock stopped. Slight damage.

Poicines. Felt by all. Creaking of walls and frame. Small objects over 
turned; dishes broken; plaster fell. All awakened. Considerable damage.

INTENSITY V:
Cayucos. Felt by few. Moved small objects and furnishings. No damage.
Soledad. Felt by all. No details.
Spreckels. Felt by many. Plaster cracked; knickknacks fell. All awakened.
Intensity IV: Almaden, Aptos, Aromas, Avila, Ben Lomond, Big Basin, Big 

Sur, Blanco, Boulder Creek, Cambria, Carmel, Capitola, Castroville, Chaular (9 
miles east), Coalinga, Creston, Davenport, Gilroy, Gonzales, Half Moon Bay, 
Lockwood. Lonoak, Los Banos, Los Gatos, Mendota, Milpitas, Monterey, Moss 
Landing, Nipomo, Pacific Grove, Parkfield, Paso Robles, Pinnacles (1/2 miles 
north), Salinas, San Ardo, San Benito (K mile west), San Francisco, San Juan, 
San Juan Bautista, San Lucas, San Miguel, Santa Margarita, San Simeon, Santa 
Cruz, Seaside, South Dos Palos, Soquel, Templeton, Tranquillity, Tres Pinos, 
Volta, and Watsonville.

Intensity III and under: Avila, Capitola, Coalinga, Half Moon Bay, Los 
Banos, Los Gatos, Mendota, Parkfield, San Francisco, and Volta.

Not felt at Agnew, Altamont, Arroyo Grande, Bcrros, Betteravia, Bicknell, 
Burrel, Casmalia, Coyote, Crows Landing, Firebaugh, Guistine, Helm, Holy City, 
Huron, Kettleman City, La Honda, Loma Mar, Lemoore, Livermore, Lompoc, 
Los Altos, Los Banos, Lost Hills, McKittrick, Morro Bay, Newman, Oceano, 
Oilfields, Patterson, Pismo Beach, Redwood City, San Luis Obispo, Santa Maria, 
Stevinson, Stratford, Surf, Tracy, Vernalis, Warm Springs, Westhaven, and Yolo.

June 24: 5:04. San Diego (Mission Hills). Light shock felt bv few.
June 24: 8:27.* Epicenter 32°00' north, 117°30' west. Felt'generally in 

southwestern San Diego County, P. The shock was reported felt at El Cajon, 
Hodges Dam, Jacumba, Jamul, Lakeside, La Mesa, Miramar, Murrieta, National 
Citv, Nestor, North San Diego, Palm City, Point Loma, San Diego (Mission 
Hills), San Diego (Tenth and Imperial Streets), San Diego (Ocean Beach Station), 
San Ysidro, Sunnyside, and Temecula.

Not felt at Alberhill, Alpine, Anza, Balboa, Bonsall, Borego, Carlsbad, Coro- 
nado, Del Mar, Descanso, Dulzura, East San Diego, Encanto, Encinitas, Escon- 
dido, Fall Brook, Julian, Laguna Beach, La Jolla, Pala, Palomar Mountain, 
Pescadero," Plaster City, Ramona, San Juan Capistrano, San Onofre, Santa 
Ysabel, Spring Valley, Temecula, and Valley Center.

June 24: 18:50. San Diego (Mission Hills). A shock lasting 5 seconds wu& 
felt. Hanging objects swung north.

June 25: 12:53. Hollister. Very light shock; felt by few. Also felt slightly 
at a point 9 miles south or southeast of Hollister (13:00 about).

June 26: 4:45. Hollister (San Benito winery). Windows rattled. No 
damage.

June 26: 5:36.* San Benito winery, IV; Chualar, 9 miles east, felt by few. 
Aftershock of earthquake of June 24, 5:02 am, B.

June 28: 8:54. Hollister (Sail Benito winery). Light shock felt by several. 
Windows and dishes rattled. No damage.

July .?: 22:58. Hollister. Slight shock. No damage.
July 4: 2:49.* Epicenter about 36.4° north, 121.0° west, P. A moderate 

shock awakened sleepers, rattled windows and doors at Hollister (about 8 miles 
south), Hollister, Paicines, and Salinas.

July 4: 13:44.* Epicenter about 31°40' north, 115°05' west, Lower California, 
P. Felt slightly at El Centro and at Yuma, Ariz.
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July 4: 22:45. Felt slightly at Paicines. No damage.
July 4: 22:58. Very light shock felt at Hollister.
July 10: 0:15.* Epicenter 33°11' north, 118°02' west, southeast of Santa 

Catalina Island, P. Felt at Avalon.
July 10: 10:33. Felt by several at Pinnacles. No damage
July 11: 19:45. Cassel. Windows and doors rattled. Felt by few. No 

damage.
July 14: 19:30 (about). Sacramento. Several residents of the Colonial 

Heights district reported an earthquake at about 19:30. (See S. S. A. Bulletin, 
October 1939.)

July 16: 11:07.* San Jose, 6 miles east. Felt by all. No damage. Epi 
center about' 9 miles east of Lick Observatory, B.

July 17: 1:25.* Epicenter about 4 miles southeast of Watsonville, 36°51' 
north, 121°41' west, B. A second shock was reported at 3:55. The shock was 
reported felt at Monterey, Olympia, San Jose, Watsonville, 5 miles north of 
Watsonville, and 4 miles east of Watsonville. At these places the intensity was 
rated as V   . Small objects were overturned. Many were awakened. Some 
windows broken. Slight damage.

Intensity IV: Aptos, Aromas, Big Basin, Blanco, Capitola, Carmel, Castro- 
ville, Felton, Gilroy, Hollister, Holy City, King City, Laurel, Los Gatos, Marina, 
Monterey, Moss Landing, Redwood City, San Francisco, San Jose, Santa Cruz, 
Seaside, Sunnvvalet and Wrights.

Intensity III and under: Agnew, Almadcn, Alviso, Berkeley, Brookdale, 
Centerville, Chualar, Colma, El Grenada, Glennwood, Hayward, Salinas, San 
Martin, San Simeon, Spreckels, and Tres Pinos.

Not felt at Almaden, Alma, Altamont, Berkeley (1366 Ada Street), Bolinas, 
Brentwocd, Byron, Cambria, Coalinga, Concord, Cupertino, Davenport, LI 
Cerrito, Firebaug.h, Fort Baker, Fort Barry, Gonzales, Greenfield, Hf.lf Mcon 
Bay, Irvington, La Honda, Lafayette, Livermore, Lcckwocd, Loma Mar, Lcs 
Altos, Los Banos, Menlo Park, Millbrae, Mill Valley, Milpitas, Montara, Moraga, 
Mess Beach, Mountain View, Newman, Newark, Niles, Palo Alto, Patterson, 
Pescadero, Pinnacles, Pleasanton, Rockaway Beach, San Benito, San Carles, 
San Francisco (3971 Clay Street, 441 Twelfth Avenue), San Luces, San Miguel, 
San Pablo, San Rafael, Santa Cruz, Sausalito, Sharp Park, Soledad, South DCS 
Pales, south San Francisco, Sunol, Tiburon, Tracy, Vernalis, Volta, Walnut 
Creek, Wrarm Springs, and Zayante.

July 17: 1:45. Hollister (8 miles south). All awakened. Doors and windows 
rattled. No damage.

July 17: 20:58.* Epicenter 34°01' north, 117°16' west, near Riverside. P. 
East Highlands (San Bernardino County). Felt by several. Walls creaked; 
windows rattled.

July 24: 1:30 (about). Big Sur. Light shock. Walls and frames creaked. 
No damage.

July 24: 5:00. Jalon. Felt by several. Walls creaked. Many awakened. 
No damage.

Augusts: 13:53.* Hollister fabout 8 miles south). Felt by all. Spilled wine 
from indoor container. Damage very slight. Epicenter about 12 miles east of 
Spreckels, B.

August 14: 5:15. Grass Valley. Slight shock jarred furniture. (See S. S. A. 
Bulletin, October 1939.)

August 15: 0:44. Hollister. Very light shake. Many awakened. No 
damage.

August 15: 0:48. Hollister. Very light. Manv awakened. No damage.
August 23: 3:53.* Epicenter about 36°30' north, 118°05' west, near Owens 

Lake, P. Small objects and furniture were moved; vases overturned and dishes 
broken. No appreciable damage.

Felt reports were received from Cartago, Darwin, Keeler, Lone Pine, and 
Owenyo.

Not felt at Bartlett, Bigpine, California Hot Springs, Independence, Inyokern, 
Little Lake, Olancha, Trona, and Wrestend.

August 23: 4:20. Owenyo. Slight shock felt by few.
August 23: 6:22:53,* and 00:24:58.* Epicenter 33 G 35' north, 116°45' west, 

Coahuila Valley, P. Cathedral City. Two shocks felt by all. Awakened all. 
No damage.

August 24: 20:07. Mineral. "Earthquake felt by few in the vicinity of 
Mineral. Distinctly felt by lookout on Brokeoff Mount Lookout."
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August 27: 23:43:30.* Epicenter 33°57' north, 118°38' west, Santa Monica 
Bay, P. Felt at Inglewocd, southwest Los Angeles, Santa Monica, San Fernando 
Valley, arid Van Nuys. No damage reported.

September 1: 8:50.* Epicenter about 9 miles northwest of Lick Observatory, 
B. Felt in San Jose.

September 1: 11:18.* Epicenter about It rniles southwest of Hollister, B. 
Felt by several at Hollister.

September 5: 8:58. San Jose. A slight earthquake was felt in east San 
Jose. It was a quick jar, lasting only a few seconds. The shock was recorded 
on the seismograph at Lick Ovservatory on Mount Hamilton. The shcck was 
not felt on the mountain top.

September 6: At about 18:50.* Epicenter about 35°25' north, 121°05' west, 
off San Luis Obispo Count}', P. Cambria. Felt by many. Loud explosive 
noise accompanied shocks. Walls and frames creaked. No damage.

September 7: 17:57 and 21:00. Los Alamos. The first shock was a bumping 
motion. First shock was felt by several; the second shock by only a few.

September 18: 0:58.* Epicenter 33°59' north, 118°18' west, P. Felt at 
Inglewood and Maywood. Scores of people reported awakened in the southwest 
section of Inglewood. Police reported the tremor was two vertical movements 
in rapid succession. No damage. The shock was also reported felt at Hawthorne.

September 19: 18:45.* Epicenter about 5 miles east of Salinas, 36°41'north, 
121°34' west, B. Felt weakly at Big Sur, Castroville, Felton, Hollister, Mess 
Landing, Pinnacles, Salinas, San Jose, San Martin, and Seaside.

September 19: 19:45. Castroville. Felt by few (probably same as shock at 
18:45*).

September 22: 2:55. A very small earthquake, causing no damage, was felt 
at Oakland and at several points in and around San Francisco. Not felt at 
Berkeley (13G6 Ada Street).

September 22: 12:25. Bridgeville. Felt by few. No damage.
September 22: 21:30 and 22:30. Salinas. 'Shock felt by people working at 

Sugar Mill.
September 22: 21:38. Hollister. A very light tremor felt by many.
September 23: 19:07. Descanso (Cuyamaca Peak Lookout). Windows 

rattled; walls creaked. No damage.
September 28: 11:16.* Epicenter 33°59' north, 117°12' west, near River 

side, P. Mentone (Mill Creek Ranger Station). One hard jolt felt by several. 
House frame creaked. No damage.

October 3: 14:17. Scotia. Felt by few.
Octoberd: 22:10. Reported at Ferndale, Scotia, and Upper Mattole. Felt 

by many. Walls creaked. No damage.
October 13: 9:30. Salinas. Walls creaked. No damage.
October 14: 9:55.* Epicenter 33°47' north, 118°08' west, near Long Beach, 

P. Felt generally. No damage. Reported felt at Gardena, Lomita, and points 
in and around Long Beach.

October 18: 21:30.* Epicenter about 37°27' north, 119°00' west, south of 
Mammoth, P. Felt at Owens River Gorge near Bishop. Slight. No damage.

November 2: 6:02. Point Conception Light Station. Windows and dishes 
rattled; two pictures fell. Observer stated, "This shock seems to have been local, 
as the Point Arguello keeper said that he did not feel any shock."

November 4: (i:12.* Epicenter about 36.2° north, 120.9° west, Monterey 
County, P. Felt at Salinas and San Lucas. At San Lucas contents of con 
tainers spilled in a west to east direction. No damage.

November 4: 12:42. Mavwood. Felt by few. No damage.
November 4: 13:41.* Epicenter 33°46' north, 118°07' west, ne-ir L:>T? 

Beach, P. Light shock reported felt at Long Beach, Long Beach Airport, San 
Pedro, and Seal Beach.

November 6: 20:2.5. Maywood. A series of five light shocks at about 
1-second intervals. No damage.

November 7: 10:52.* Epicenter 33°51' north, 117°21' west, near Arlington, 
P. A moderately sharp shock reported felt at Alta Loma, Beaumont (2 miles 
east). East Highlands (Southern California Edison powerhouse No. 1), Elsinore, 
Fall Brook, Fontana, Glendora (Big Dalton Dam), Hemet, Lake Arrowhead, 
Lake Arrowhead Village, Maywood, Mentone, Moreno, Pasadena, Red Lands 
(Mill Creek Ranger Station), Riverside, San Bernardino, Sunset Peak Lookout 
(Angeles National Forest), and Tujunga.
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November 7: 19:25. A sharp earthquake was felt at Grass Valley and its 
vicinity; about 40 square miles affected. This shock is interesting because it was 
felt underground at some of the local mines to a vertical depth of about 4,500 
feet. No damage. Not felt in Nevada City.

November 15: 8:21. Liming, Nev. Light shock; awakened few. No 
damage.

November 19: 4:37. Inskip Hutte Lookout (Forest Service). Light shock 
felt bv all. Two people awakened. No damage.

November 29: 19:53.* Epicenter about 33°47' north, 118°08' west, near 
Long Beach, P. Xo damage. Two li«ht foreshocks reported at 19:37 and 19:45.

December 1: 5:05.* Epicenter 3(i°22' north, 11S°01' west, west shore of 
Owens Lake, P. Felt at Cartago and Keeler. The observer at Keeler reported 
that he was awakened by jarring of the bed.

December 1: 11:12. San Francisco. Light shock felt by few. No damage.
December 5: 9:31.* Epicenter 33°1()' north, 11G°25' west, Agua Caliente 

Fault, near Verruga, P. Felt at Borego. Xo damage.
December 17: 7:45. Taylorsville. Felt by many. Walls creaked. Awak 

ened few. No damage.
December 21: 23:45. San Diego (Mission Hills). Slow motion felt by few.
December 27: 4:17. San Diego (Mission HilN). Felt only by observer.
December 27: 9:50. Long Beach. Felt by many. Walls ' creaked. No 

damage. Felt slightlv at Mavwoud.
December 27: \ 1:2P.* Epicenter 33°47' north, 118°08' west. Felt generally 

in Los Angeles Basin, P. The earthquake was felt over a land area of approxi 
mately 2,500 square miles in the vicinity of Los Angeles, San Bernardino, and 
Santa Ana, Calif. See map, page 63. The approximate limits of the felt area 
extend from Newport Beach on the coast northerly to Venice, then inland to 
Altadina, Glenn Ranch, and San Bernardino, then southeasterly to Pa.lm Springs, 
then southwesterly back to the coastline through Rornoland, Alberhill, El Toro, 
and to the coastline at Newport Beach. A maximum intensity of approximately 
VI was reached at Long Beach and Huntington Park. Reported damage was 
slight. At Long Beach a few plastered walls were cracked, several street lights 
broken, and small objects moved and overturned. Huntington Beach reported 
plaster walls cracked, and small objects moved and overturned. There was also 
indication that floors had buckled. One instance of plaster walls cracking was 
reported at Santa Ana. Bellflower and Anaheim reported small objects over 
turned. Strong-motion records were obtained at the Los Angeles Subway 
Terminal Building, the Chamber of Commerce Building, Vernon, Long Beach, 
and the Hollywood Storage Building.

INTENSITY VI:
Huntington Park. Felt by all. Pendulum clocks stopped; plaster cracked. 

All awakened. Light damage.
Long Beoch. Felt by all. Plaster cracked; one fireplace shaken down; some 

tiles knocked off. Considerable minor damage.

INTENSITY V:
Anaheim.  Felt by many. Moved small objects and furnishings. No damage.
Bellflower. Felt by all. North-south motion. Small objects overturned. No 

damage.
Los Angeles. Felt by all. Chairs and files moved. Could see building move 

on fifteenth floor, according to the observer. No damage.
San Pedro (Weather Bureau).  Felt by many. Sounded like booming of dis 

tant gunnery. Some tiles dislodged from a few roofs. Slight cracks appeared 
in a few poorly constructed walls.

Santa Ana. Felt by many. Walls creaked; plaster cracked. Damage slight.
Intensity IV: Acton, Alberhill, Alhambra, Altadina, Artesia, Brea, Calabasas, 

Compton, Culver City, Del Rosa Ranger Station (V. S. Forest Service), Downey, 
El Monte, El Segundo, Forest Home, Fullerton, Gardena (La Fresa Substation), 
Garden Grove, Glendora, Harbor City, Hawthorne, Hondo, Hynes, La Habra, 
Lomita, Lynwood, Manhattan Beach, May wood, Mira Loma, Moneta, Monte- 
bello, Newport, Norco, Norwalk, Romoland, Sante Fe Springs, Seal Beach, South 
Gate, Stanton, Torrance, Whittier, Wilniington, and Willowbrook.

Intensity III and under: Arlington, Beverley Hills, El Toro, Etiwanda, 
Glenn Ranch, Highgrove, Inglewood, La Vina, Monterey Park, Moreno, Nuevo, 
Olive, Palm Springs, Pasadena, Rialto, Riverside, San Bernardino, Silverado, 
Van Nuys, Venice, and Winchester.
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Not felt at Adelanto, Agoura, Alta Loma, An/a, Arrowhead Springs, Baldwin 
Park, Banning, Beaumont, Burbank, Cabazon, (.'amp Baldy, Cajon, Charter 
Oak, Chino, Cornell, Corona, Costa Mesa, Del Mar, Elsinore, Fall Brook, Fon- 
tana, Glendale, Hemet, Hollister, Irvine, Keen Camp, La Canada, La Crescenta, 
Lake Arrowhead, La Verne, Littlerock, Loma Linda, LO.S Angeles (108 West 
Sixth Street), Los Angeles (2111 Fifth Avenue), Lucerne Valley, Men tone, 
Moneta, Newhall, Olive View, Pacoima, Perris, Palmdale, Phelan, Pomona, 
Redlands, Reseda, Sage, San Fernando, San Diego, San Dimas, San Juan Ca.pis- 
trano, Santa Anita, Santa Monica, San Onofre, Saugus, Seven Oaks, Simi, 
Sunland, Summit, Sunnyniead, Spadra, Temecula, Universal City, Upland, 
Valyermo, Victorville, Westminster, Wildomar, and Yucaipa.

Lecember 27: 21:50.* Epicenter about 33°47' north, 118°08' west, near 
Long Beach, P. Slight shock felt at Gardena (La Fresa Substation), Huntington 
Park, and San Pedro. It was felt by all at Gardena and San Pedro. No damage.

December 28: 3:26.* Epicenter about 33°47' north, 118°08' west, near 
Long Beach, P. Felt slightlv at Gardena (La Fresa Substation). No damage.

December 28: 4:16.* Epicenter 35°48' north, 120°20' west, near Parkfield, 
P. The earthquake was felt over land area of approximately 14,000 square 
miles, in the south central Coastal Region. See map, page  . The approximate 
limits of the felt area extend from Santa Cruz on the coast line southerly to Point 
Arguello. Easterly and inland the earthquake was felt at Lost Hills and Fresno, 
then northwesterly through Mendota and Hollister to the coast at Santa Cruz. 
The earthquake reached the maximum intensity of approximately V in the vicinity 
of Greenfield and San Lucas. Field investigation showed that the shock was 
felt over a wide area with approximately the same degree of intensity.

INTENSITY V:
Coalinga. Felt by all. Pendulum clocks were stopped. Small objects and 

furnishings moved. All awakened. Damage slight.
Fresno. Felt by several. Many awakened. No damage.
Greenfield. Felt by all. Northwest-southeast motion. Small objects and 

furnishings moved. Many awakened. No damage.
San Ardo. Felt by many. Walls creaked; jars thrown from shelves.
San Lucas. Felt by all. East-west motion. Pendulum clocks were stopped. 

Small objects overturned; plaster cracked; dishes were broken. All 
awakened. Damage slight.

Intensity IV: Antelope, Aptos, Atascadero, Avenal, Big Creek, Big Sur, 
Bradley, Cambria, Capitola, Carmel, Caruthers, Castroville, Cayucos, Cholame, 
Chualar, Creston, Gonzales, Harmony, Hollister, Huron, King City, Kettleman 
City, Kettleman, Lonoak, Lockwood, Los Alamos, Malaga, Mendota, Monterey, 
Morro Bay, Oceano, Oilfields, Pacific Grove, Parkfield, Paso Robles, Pinnacles, 
Pozo, Priest Valley, Riverdale, Salinas, San Juaquin, San Juan Bautista, San 
Luis Obispo, San Miguel, San Simeon, Santa Cruz, Santa Marguerite., Shandon, 
Soledad, Soquel, Templeton, Tranquillity, Westhaven, and Yosemite National 
Park.

Intensity III and under: Ben Lomond, Dos Palos, Hanford, Los Banos, Lost 
Hills, Marina, Moss Landing, Nipomo, Point Sur Light Station, Raisin, San 
Benito, and Santa Maria.

Not felt at Academy, Agnew, Alpaugh, Alviso, Arlight, Aromas, Berros, 
Betteravia, Big Basin, Buellton, Burrel, Burlingame, Casmalia, Clovis, Cohna, 
Concepcion, Corcoran, Crows Landing, Cupertino, Davenport, Delano, Dos 
Palos, Fairmead, Fellows, Firebaugh, Friant, Gaviola, Goshen, Guadalupe, 
Gustine, Helm, Keyes, Knowles, Laton, Livingston, Los Altos, Los Banos, Los 
Gatos, Los Olives, Lemoore, Madera, Maricopa, McKittredge, Milpitas, Mount 
Hamilton, Mountain View, Newman, Newark, Niies, Orcutt, Paso Robles, 
Patterson, Pattiway, Pescadero, Pixley, Redwood City, Reedley, San Gregorio, 
San Martin, Santa Vnez, Selma, Snelling, Sunnymead, Surf, Tipton, Traver, 
Tres Pinos, Tulare, Vernalis, Volta, Warm Springs, Wasco, and Westley.

December 28: 20:00. Pinnacles. Verv brief shock felt.
December 30: 7:25.* Epicenter 35°48' north, 120°20' west, near Parkfield, 

P. San Lucas. Felt by few. Awakened few. No damage.
December 30: 11:18.* Epicenter 33°47' north, 118°08' west, near Long 

Beach, P. Felt slightly at Compton. Not felt at Maywood, 8 miles away.
December 30: 4:15 (p. in. or a. in. not given). Pinnacles. Shock felt by 

observer (possibly shock of December 28, at 04:16*).
December 31: 2:30. Eureka. Brief shock felt by several. No damage.
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WASHINGTON AND OREGON

120TH MERIDIAN OR PACIFIC STANDARD TIME

NOTE. More details will be found in Abstracts of Earthquake Keports for the Pacific Coast and Western 
Mountain Region.

January 25: 23:59. Mission, Oreg. Trembling motion felt by several. Beds 
shaken; windows and dishes rattled. No damage.

January 28: 12:40. Quilcene, Wash. A sharp shock cracked plaster; hang 
ing objects swung. Damage slight. Not felt at Hoodsport, Potlatch, and 
Quinault.

February 6: 2:00. Ellensberg, Wash. (Liberty Ranger Station). Sharp 
shock vibrated walls and rattled windows. Awakened all. No damage. Sounds 
heard similar to a huge motor, according to observer. Not felt at Cle Elum, 
Hanford, and Wenatchee.

April 13: 11:45. Portland, Oreg. Distinct earthquake tremors felt by a few. 
No damage.

July 22: 8:00 or 9:00. Clinton, Wash. Slight shock. Trees and bushes 
shaken slightly. No damage.

November 12: 23:45.9.* Epicenter about 47.2° north, 123.0° west. This 
earthquake was felt over the State of Washington with the exception of small 
portions of the northeastern and southeastern section of the State. It was also 
felt over a small portion of the northwestern part of the State of Oregon. The 
felt area, approximately 60,000 square miles in the United States, is shown on 
the map, page  . The earthquake was also felt in some parts of British Colum 
bia, Canada, though the felt area in Canada was not determined. Limits of the 
felt area in the United States were approximately as follows: Extending from 
the coast line at the Canadian border easterly to the vicinity of Sumas, Wash., 
then southeasterly through Tonasket, Wash., to the vicinity of Spokane, Wash., 
then southwesterly to the Columbia River in the vicinity of The Dalles, then 
continuing southwesterly to the vicinity of Corvallis, Oreg., and then to the coast 
line near Waldport, Oreg. An intensity of approximately VII was reached in 
the vicinity of Olympia, Centralia, Oakville, and Elma, Wash. In the area from 
which intensity VII was reported, slight damage occurred, but it was confined to 
a few fallen and twisted chimneys, cracked masonry, concrete, and plaster, and 
some fallen plaster and broken windows. No structural collapse of buildings 
was reported.

INTENSITY VII:
NOTE. In the following list when more than 1 degree of intensity is reported from a town, the town Is 

listed under each intensity reported.

Auburn. Felt by all. Doors swung northeast; pendulum clocks stopped. 
Cracked plaster, windows, walls, chimneys, and ground. Chimneys fell. Dam 
age considerable. All awakened.

Brooklyn. Houses rocked as if being bent like a board. Direction of motion 
east-west. Two chimneys fell; a 14-inch pendulum clock stopped; clocks on 
north and south walls did not stop. Damage slight.

Centralia. Felt by all. East and west motion. All pendulum clocks, facing 
north or south, were stopped. Chimneys fell. All were awakened. Slight 
damage.

Elma. Felt by all. East and west motion. Pendulum clocks, facing east, 
were stopped. Plaster cracked; also windows and chimneys. Some chimneys 
fell. Awakened all. Damage slight in wood and concrete structures.

Oakville. Felt by many. Loud noise, similar to that made by heavy truck, 
heard just before the shock. Pendulum clocks, facing north, were stopped. 
Chimneys twisted; windows and plaster cracked. Many awakened. Damage 
slight.

Olympia. Felt by all. Windows, walls, and plaster cracked. Many awakened. 
"Drawers and filing cabinets facing south opened about 3 inches on second floor 
of masonry postr-office building."

Olympia (5 miles north}. Felt by all. Awakened all. Small objects over 
turned. Damage slight.

Tacoma. Felt by many. Moderate damage reported. Rumbling sound 
heard. Many buildings cracked; some chimneys damaged. Plaster walls cracked 
on almost, all of one office building, mostly on the southeast and southwest walls. 
Chandeliers and doors swung in an east-west direction. Pendulum clocks were 
stopped. Some pavement cracked. Thirty-one moorage lines were broken and 
some logs rolled out from under float.
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INTENSITY VI:
Aberdeen. Felt by all. Vases and small objects overturned; dishes broken. 

North-south motion. All awakened.
Adna. Felt by all. Creaking of house. Awakened all. Slight damage.
Bel/air. Felt by all. Plaster cracked; books fell. Many awakened.
Bellingham. Felt by many. Plaster cracked; plaster, pictures, and knick- 

knacks fell. Many awakened.
Bothell. Felt by all. Northeast motion. Plaster, walls, and chimneys cracked. 

All awakened.
Bremerton. Felt by all. Plaster cracked. Fall of knickknacks, books, pic 

tures, plaster, and walls (apparently no structural damage).
Brooklyn. Felt by all. Awakened many. Cracked chimneys; knickknacks 

fell. Slight damage.
Castle Rock. Felt by many. East-west motion. Pendulum clocks, facing 

east, were stopped. Plaster and chimneys cracked; dishes broken. Many 
awakened. Slight damage to masonry.

Calhlamet. Felt by all. Some pendulum clocks stopped. Plaster cracked; 
some windows and dishes broken; chimneys twisted. Many awakened. Damage 
slight to wood.

Chehalis. Felt by many. Pendulum clocks were stopped. Vases overturned; 
plaster cracked. Many were awakened Slight damage.

Darrington. Felt by all. East-we;,,, motion. Walls and frames creaked; 
vases overturned. Awakened all. No damage.

Eatonville. Felt by all. Pendulum clocks were stopped (clocks faced north). 
Vases and small objects overturned.

East Olympia. Felt by all. East-west motion. Creaking of walls and frames. 
^Knickknacks fell. Many awakened. No damage.

Fairfax. Felt by many. Chimneys cracked; some were twisted; others fell. 
Slight damage.

Fort Lewis. Felt by many. East-west motion. Pendulum clocks were 
stopped. Plaster cracked. Many were awakened. Damage slight.

Frngarii. Felt by all. Northwest-southeast motion. Vases and small objects 
overturned. All awakened. No damage.

Fnnces. Felt by all. East-west motion. Creaking of walls and frame. 
Knickknacks and plaster fell; windows broken. All awakened. Slight damage.

Gate. Felt by all. Chimneys cracked; books and pictures fell. All awakened. 
Slight damage to brick and masonry.

Gig Harbor. Felt by all. Northeast motion. Creaking of walls, frame, and 
roof. Vases overturned. All awakened. Slight damage.

Hoodsport. Felt by all. Creaking of walls and frame; fall of books and knick 
knacks. Broke iron water pipe. Awakened all. Damage slight.

Ilwaco. Felt by many. Creaking of walls. Vases overturned and plaster 
cracked. Slight damage.

Kalama. Felt by all. Northeast motion. Pendulum clocks facing north 
were stopped. Plaster fell and dishes were broken. Slight damage. Little 
effect on buildings built on sand; those on rock more affected, according to 
observers.

Kelso. Felt by many. Small objects overturned; plaster cracked. All 
awakened. Slight damage.

Kent. Felt by many. Northeast motion. Moved cans of goods in storage. 
Chimneys, walls, and plaster cracked. Many awakened. Slight damage.

Kent (2 miles east). Felt by nearly all. Thunderous or roaring subterranean 
Bounds were heard during shock.

Lakebay. Felt by all. Violent sway and bumping. Plaster cracked. All 
awakened. Slight damage.

Leavenworth. Felt by many. Creaking of walls and frame. Pendulum clocks 
facing north were stopped. Pendulum clocks facing west were stopped. Plaster 
fell and windows were cracked. Many awakened. No damage.

Matlock. Felt by all. Pendulum clocks facing east were stopped. Cans fell 
from shelves in store. All awakened. Slight damage.

Morton. Felt by all. Plaster cracked; lights went out. Many awakened. 
No damage.

Montesano. Felt by all. Walls and frames creaked; plaster and chimneys 
crackod; dishes broken. Many awakened. Damage slight.

Nisqually. Felt by all. Chimneys and plaster cracked; knickknacks fell, 
Awakened many. No damage.
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Oysterville. Shock felt by many. Plaster cracked and dishes broken. Many 
awakened. Slight damage.

Palmer. Felt by all. East-west motion. Plaster cracked; knickknacks fell. 
All awakened. No damage.

Pacific Beach.  Felt by many. Small objects overturned. Many awakened. 
Slight damage.

Port Angeles (Snider Ranger Station). Felt by many. Small objects overturned 
Many awakened.

Port Gamble. Felt by all. Pendulum clocks facing north were stopped. 
Plaster cracked; knickknacks and pictures fell. All awakened. Slight damage.

Port Madison. -Felt by all. Some pendulum clocks started. Small objects 
overturned. All awakened. No damage.

Port Orchard. Felt by all. Pendulum clocks stopped; small objects overturned 
and plaster cracked. All awakened. Damage slight.

Potlatch. Felt by all. Vases overturned; pendulum clocks facing west stopped 
All awakened. No damage.

Poulsbo. Felt by all. Knickknacks and plaster fell. All awakened.
Puyallup. Felt by nearly all. Creaking of walls and frame. General alarm. 

Slight damage to buildings.
Handle. Felt by many. Clocks facing south were stopped. Plaster cracked. 

Some wells caved in. Awakened many. Damage slight.
Raymond (Eklund Park). Felt by nearly all. Fire bell in old fire hall was 

rung. Tore roofing on one building. Wallpaper cracked. One water main 
broken. Plastsr cracked. General alarm.

Ravensdale. Felt by all. Walls and frame creaked; small objects overturned. 
All awakened.

Seahurst. Felt by all. Small objects overturned; plaster cracked. Many 
awakened. Damage slight.

Seattle. Felt by many. Plaster cracked; dishes broken; pendulum clocks 
stopped. Many awakened. Damage considerable.

Shelton. Felt by all. Pendulum clocks stopped; knickknacks fell. Dishes 
were broken. Transformer burned out on power lines. All awakened. Slight 
damage.

Snoqualmir. Felt by all. Plaster cracked; knickknacks fell. Awakened 
many. Damage slight.

Steilacoom. Felt by all. Pendulum clocks facing in all directions were stopped. 
Plaster and windows cracked. All awakened. Slight damage.

Sylvan (Fox Island). Felt by all. Walls and frame creaked; small objects 
overturned and knickknacks fell. Many awakened. Damage slight.

Tenino. Felt by many. Spilled water from outdoor containers. Knickknacks 
fell. Many awakened. No damage.

Vader. Felt by many. Plaster and walls cracked. Many awakened. Slight 
damage.

Vashon. Felt by nearly all. Some chimneys were cracked; a few small objects 
displaced. Objects fell in a northwest to easterly direction.

Vaughan. All loose object? arid some fruit jars fell from shelves; plaster cracked. 
Slight damage. Observer stated that his well-built house swayed so much he 
expected it to fall.

INTENSITY VI: State of Oregon:
Astoria. Felt by many. Overturned small objects. Cloaks facing east-were 

stopped. Awakened many. No damage.
Oswego. Felt by many. Pendulum clocks stopped; small objects overturned. 

Many awakened. No damage.
INTENSITY V: State of Washington:
Alder. Felt by several. Chimes on clocks facing east sounded. Man}* alarmed.
Amboy Felt by many. Walls and frames creaked; pendulum clocks facing 

north stopped; small objects moved. Many awakened. No damage.
Bangor. Felt by many. Plaster cracked. Awakened many. Damage 

slight.
Bay Center. Felt by many. Walls and frames creaked; small objects moved. 

Manv awakened. No damage.
Bellevue. Felt by all. Creaking of walls and frame. Stove moved. Awak 

ened many. No damage.
Blaine. -Felt by many. House shook and swayed. No damage.
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Brinnon. Felt by many. Shook entire house; moved small objects. Awak 
ened all. No damage.

Buckley. Felt by nearly all. Creaking of walls and frames. Buildings and 
trees swayed visibly. Two slight craeks appeared in plaster of post-office build 
ing. No damage.

Castle Rock. Felt by all. A few dishes were broken, and a few things toppled 
from shelves. Observer heard one bell ring during earthquake. Decided sway 
ing of buildings was felt. Ntrdamage.

Cathlamet. Felt by many. Walls and frames creaked; trees and buildings 
swayed.

Chehalis. Felt by nearly all. Eeds on rollers were moved. One pendulum 
clock stopped; others were started. Very slight structural damage.

Clallam Bay. Felt by all. Walls creaked; small objects were moved. Awak 
ened all. No damage.

Cedar Falls. Felt by many. Wall paper cracked. Moved a few dishes. 
Many awakened. Slight damage.

Cle Elum. -Felt by many. Walls creaked; beds moved. Pendulum clocks 
facing east were stopped. Many awakened. No damage.

Concrete. Felt by all who were awake. Walls creaked; knickknacks fell. 
Many awakened. No damage.

Coupeville. Felt by many. One instance of cracked plaster. Some pendulum 
clocks stopped. Manv awakened. No damage.

Duvall. Felt by all. Windows, doors, and dishes rattled. All awakened. 
No damage.

Easton. Felt by many. Walls creaked. Many awakened.
Fdmonds. Felt by many. Walls creaked and small objects moved. Many 

awakened. No damage.
Eniimclaw. Felt by all. Pendulum clocks facing west were stopped. All 

awakened. No damage.
Everett. Felt by all. Pendulum clocks facing in all directions were stopped; 

small objects moved. Some people who were standing felt seasick. All awak 
ened. Slight damage.

Fort Lewis. Felt by several. Creaking of walls. Small cracks appeare 1 in 
walls; slight cracks in plaster. Slight damage.

Gig Harbor. Felt by all. Creaking of walls. General alarm. No damage.
Gig Harbor (7 miles southwest). -Felt by four people. Walls creaked; lamp> 

and pictures swung; one pendulum clock stopped.
Graham. Felt by all. Walls creaked. All awakened. Slight damage.
Grayland. -Felt by all. Walls creaked. Pendulum clocks stopped. All 

awakened. No damage.
Greenwater. Felt by all. Walls creaked; dishes fell. No damage.
Hoodsport. Felt by all. Loud, pulsating, scraping rear, like a rockslide, 

heard before main shock. In some instances observers reported a roaring inter 
mittent swishing sound, like that of escaping air. This sound caused a pressure 
on the eardrums. Soire instances of cracked plaster. Cans toppled from shelves. 
Contents of medicine cabinet fell out. Minor cracks in plastering, but no material 
damage.

Ilwaco. Felt by nearly all. Some loose rocks fell from cliff near North Head 
Walls swayed. One old water main broken; no structural damage.

Index. Felt by all. Cracked plaster. Awakened all. Damage slight.
Joyce. Felt by many. Walls creaked; small objects moved. Many awakened. 

No damage.
Kosmos. Dishes and windows rattled. One pendulum clock facing east was 

stopped. No damage.
Kirkland. Felt by all. Pendulum clocks facing west were stopped. Small 

objects moved. Many awakened. No damage.
La Center. Felt bv many. Disturbed objects observed by many. A few cans 

fell from shelves in store. No damage.
Lakebay. Felt by many. Windows and dishes rattled. One drinking glass 

fell and was broken.
Lake Kuchelas (sec. 12, T. 22N., R. 11 E.). Felt by two people. Walls and 

frames creaked. A clock was moved on stand. No damage.
Langley. Felt by all. Stand pictures were moved. Awakened all. No damage.
Lester. Felt by all. Small objects moved. Many awakened. No damage.
Longview. Felt by many. Walls creaked; plaster and walls cracked; flagpole 

swayed.
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McCleary. Felt by all. Pendulum clocks were stopped; dishes broken. Many 
awakened. No damage.

Maltby. Felt by many. Walls creaked; plaster cracked. Many awakened. 
Damage slight.

Marblemounl. Felt by many. Small objects moved. Many awakened. No 
damage.

Mineral. Disturbed objects were observed by all. Every house in community 
swayed so strongly occupants thought they might fall. A few bricks fell from 
chimneys; one well caved in; canned goods fell to floor in shops; one pendulum 
clock turned sideways and stopped. Slight damage.

Monroe. Felt by many. Walls creaked; big, heavy light fixtures, 4 feet long, 
swung 10 inches from north to south. No damage.

Naches (Tietan Ranger Station). Felt by several. Frame creaked; vases over 
turned. No damage.

Neah Bay. Felt by many. Walls creaked; small objects moved. Many 
awakened. No damage.

Oakville. Felt by all. Disturbed objects observed by some. One pendulum 
clonk stopped and one started. No damage. At a house, one-half mile east of 
Oakville, observer stated canned fruit was thrown down from shelves and broken.

Olga. Felt by many. Windows and dishes rattled. Disturbed objects were 
observed by several.

Omak. Felt by few. Windows and dishes rattled; chairs moved. Some 
awakened. No damage.

O'-ington. Felt by many. Pendulum clocks facing south were stopped. Many 
awakened. Slight damage.

Packwood. Felt by many. Knickknacks fell. No damage.
Palmer (sec. IS, T. 21 N., R, 7 E.). Felt by all. Walls creaked; some walls 

and plaster slightly cracked.
Parkland. Felt by all. East-west motion. Windows and dishes rattled. All 

awakened. No damage.
Parkway. Observer awakened by loud rumbling noise and shaking of house. 

A metal ship, 8 inches high, fell from radio to floor in a northeast direction. 
No damage.

Port Angeles. Felt by nearly all. Walls creaked; pictures swayed on walls. 
No damage.

Port Ludlow. Felt by all, about 30 seconds. Walls creaked; some pendulum 
clocks were stopped. All awakened.

Port Orchard. Felt by all. Pictures displaced; plaster slightly cracked.
Port Townsend. Felt by many. Walls creaked. Disturbed objects observed 

by many. Small pieces of plaster fell in a few office buildings. Pendulum clocks 
were stopped. No damage.

Preston. Felt by all. Walls creaked. All awakened. No damage.
Puyallup. Felt by all. Overturned small objects. Knickknacks, books, and 

pictures fell. All awakened. No damage.
Quilcene. Felt by many. Knickknacks, books, and pictures fell. A few 

dishes broken. Many awakened. . Slight damage.
Quinault. Felt by all. Dishes and windows rattled; walls Creaked. Many 

awakened. No damage.
Rainbow Foils State Park. Felt by many. Walls and frames creaked. Slight 

damage to buildings.
Raymond. Felt by many. Creaking of walls and frames. Pendulum clocks 

were stopped. Broke water main. No damage.
Robe. Pendulum clocks were stopped. Small objects moved. All awakened. 

Damage slight.
Rockport. Felt by many Creaking of frames. Books fell. Many awakened. 

No damage.
Roy. Felt by many. Water mains broken. Many awakened. Slight dam 

age.
Satsop. Felt by nearly all. Disturbed objects observed by nearly all. 

Knickknacks fell; trees swayed in all directions.
Sank. Felt by some outdoors. Walls creaked; small objects moved.
Seattle. Felt by all. Chimes were rung. Plaster slightly cracked; pendulum 

clocks stopped. No damage.
Seaview. Felt by many. Moved rocking chair. Some instances of cracked 

plaster and windows. Many awakened. Slight damage.
Skykomish. Felt by many. Severe rattling of windows and dishes. Floor 

lamps shaken; plaster cracked. Many awakened. Slight damage.
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Snohomish. Felt by 8.11. Creaking of frames. All awakened. No damage.
Silverdale. Felt by all. Frame creaked. Dishes were moved on smooth 

surface. All awakened. No damage.
Snoqualmie. Felt by nearly all. Pendulum clocks were stopped. Observers 

and others became slightly sick from swaying of beds. Men 265 feet underground 
in mine in solid rock did not feel the shock. No damage.

Snoqualmie Pass (22 miles east-southeast of North Bend). Felt by many. 
Walls creaked. Disturbed objects observed by all who were awake. No damage.

South Bend. Felt by all. Smp.H objects moved. All awakened. No damage.
Spirit Lake. Felt by many. Walls creaked. Disturbed objects were observed 

by several. No damage.
Stampede. Felt, by many. Buildings swayed. Beds swayed from east to 

west. No damage.
Sultan. Felt by all. Walls creaked; small objects moved. Many awakened. 

Slight damage.
Sunset Beach. Felt by many. Walls creaked. A clock fell from table. No 

damage.
Tontlc. Felt by several. Walls creaked. Broke water pipe in well. All 

awp.kcned.
Vaughan. Felt by all. Pendulum clocks were stopped. All awakened.
Wenatchee. Felt by several. Walls creaked; plaster cracked. All awakened. 

No damage.
Wilson Creek (sec. 1, T. S3 N., R. 29 E., Willamette meridian). Rattling of 

Stove doors. Disturbed objects were observed. No damage.
Winton. Felt by all. House frame creaked. All awakened. No damage.
Wollochet Bay, West side, % mile from head of bay (sec. 24. T. 21, N., R. 1 E.).  

Felt by many. Trees and buildings swayed visibly. Pendulum clocks were 
stopped. Cattle frightened and pheasants crowed. Damage slight.

Yakima. Felt by all. Windows and window weights rattled. No damage.
Yale. Felt by many. Walls creaked; small objects moved. Many awakened. 

No damage.

INTENSITY V: State of Oregon:
Banks. Felt by many. Moved small objects. Many awakened. No damage.
Canby. Felt by many. Windows rattled; small objects moved; knickkna,cks 

fell. No damage.
Clatskanie. Felt by many. Pendulum clocks were stopped. Plaster cracked; 

knickknacks fell. No damage.
Eugene. Felt by several. Disturbed objects observed by nearly all. Trees 

swayed, dropping cones. No damage.
Estacada (one-half mile east). Felt by several. Walls creaked. Loud roaring 

subterranean sounds, as of wind striking house with great force, were heard about 
2 seconds before shock. Mirrors, pictures, and beds swayed. No damage.

McMinnville. Felt by many. Walls creaked. Trees and buildings swayed 
visibly. No damage.

Oregon City. Felt by many. Pendulum clocks were stopped. Small objects 
moved.

Portland. Felt by many. Plaster cracked; pictures fell. Many awakened. 
Pendulum clocks were stopped. No damage.

Rainier. Felt by all. Small objects moved; some plaster cracked. All 
awakened. No damage.

Seaside. Felt by many. Pendulum clocks facing northeast were stopped. 
Windows cracked. Many awakened. Slight damage.

Westport. Felt by many. Walls creaked; small objects were moved. Many 
awakened. No damage.

INTENSITY IV: State of Washington:
Anacortes, Ariel, Arlington, Ashford, Bellingham, Blanchard, Bothell, Brief, 

Brookfield, Bryant, Bryn Mawr, Buckley, Camas, Carlsborg, Carson, Cedar 
Lake, Chelan, Chelan Falls, Cheney. Chimacum, Clallam Bay, Clearbrook, Clear- 
water, Clinton, Concrete, Cowlitz, Cir.ebar, Colfax, Custer, Darrington, Deming, 
Eastsound, Fall City, Ferndale, Forks, Friday Harbor, Freeland, Glacier, Goose- 
prairie, Granite Falls, Grapeview, Greenbank, Hartford, Hobart, Holden, Hunters, 
Humptulips, Hyak, Kalama, Kelso, Kennydale, Keyport, Lacey, Lake Kaschess 
Dam, Lakeside, Leavenworth, Lester, Lind, Litell, Littlerock, Longbranch, 
Longmire, Lyle, Marietta, Marysville, Mason City, Mayfield, Mercer Island, 
Merritt, Midland, Moclips, Monroe, Monse, Mount Rainier National Park
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(Carbon River Ranger Station), Mukilteo, Neah Bay, North Head, Oak Harbor, 
Odessa, Okanogan, Olga, Omak, Onalp,ska, Orting, Orondo, Oso, Paradise Inn, 
Packwocd, Parkwav, Patercs, Physht, Point Roberts, Possession, Prevcst (Stuart 
Island), Prosser, Quilcene, Quinault, Quincy, Ravensdale, Rcardan, Renton, 
Richmond Beach, Ritzville, Scenic, Stdro Wcolley, Sequim, Silverton, Stanwccd, 
Startup, Stevenson, Sumas, Sunnyside, Thorp, Tieton, Tonasket, Trinidad, 
Tumwater, Vancouver, W.-vterville, Wenatchee (Blewett Pass), Wickersham, 
Winslow, Winton, Yacolt, Yakima, and Yale.

INTENSITY IV: State of Oregon:
Amity, Bardon, Bay City, Boring, Brightwood, Brooks, Colton, Corvallis, 

Dodge Park, Enright, Fcrest Grove, Garibaldi, Goble, Gresham, Hebo, Hermiston, 
Hillsboro, Jewell, Knappa, McMinnville, Mist, Mohler, Ne\\berg, Quincy, 
Turner, Tillamook, Timber, Vernonia, and Woodburr..

Intensity III and under: State of Washington: Arlington, Benton City, Bingen, 
Cheney, Creston, Ellensburg, Hanford, Koma Kulshan Ranger Station (2 miles 
east, near Mount Baker), Laurel, Liberty, Lucerne, Mason City, Moxee City, 
North Bend, Port Angeles, Randle, Ritzville, Rockport, Ruby Beach, Sa,ppho, 
South Bend, Sprague, Steilcoom, Tha,tcher, Tatocsh Island, Trinidad, White 
Salmon, White Swan, Winthrop, and Yale.

State of Oregon: Blame, Corbett, Dilley, Estacada, Fairvievv, Hamlet, Hoed 
River, Independence, Milwaukee, Oretovvn, Parkdale, Philomath, Sheridan, 
St. Helens, The Dalles, Weld port, Wheeler, and Zigzag.

Not felt in the State of Washington: Aeneas, Bickleton, Chesaw, Clarkston, 
Colfax, Colville, Conconnully, Davenport, Deer Park, Ephrata, Hanfcrd, 
Harrington, Hp.rtline, Incheliuin, lone, Kahlotus, Kennewick, Laurier, Lind, 
Mansfield, Mead, Mottinger, Mount Baker Lodge, Mount Rainier National Park, 
Natches, Nespelern, Newhalew, Northport, Oroville, Pomeroy, Prindle, Prcsser, 
Pullman, Republic, Ronald, Rosalia, Spokare, Sullivan Lake, Sunnyside, Tekoa, 
Touchet, Tona.sket, Trout Lake, T\visp, Waitsburg, Walla Walla, Wp.pato, 
Waterville, Waucoi'da, Well])init, Wenatchee (10 miles southeast of), White 
Swan, Wilbur, and Winthrop.

Not felt in the State cf Oregon: Three Links.
November 29: 1:15. Light shock; strongest at Chelan and Chelan Falls, 

Wash. Ma^y were awakered by rattling sourc's. Also felt at Cculee Pr.m. 
Everett, Lakeside, Pateros, Scenic, ai:d W?ter\ille. Also felt at Portland, Orcg.

November 29: 10:20. Toutle. Very slight shock felt.
November 29: 23:00. Chelan Falls. Slight shock.
November 30: 5:00. Chelan Falls. Slight shock.
November 30: 15:19. Chelan Falls. Slight shock.

ALASKA

150TH MERIDIAN TIME

January 9: 2:10 to 3:10. Fairbanks. Several slight shocks felt. No damage. 
January 11: 22:05. Fairbanks. Light shock felt. 
January 24: 17:25. Fairbanks. Slight shock.
February 13: 21:52. Fairbanks. Sharp shock felt by a large part of the 

population; 40 seconds' duration. No damage.
February 21: 11:40. Fairbanks. Moderate shock. 
February 21: 23:01. Fairbanks. Slight shock.
February 23: 4:20. False Pass. Sharp shock. Felt by all. All awakened. 

Slight damage.
March 5: 0:41. Fairbanks. Slight shock.
March 7: 13:55. Fairbanks. Felt by a large part of the population. Filing 

drawers facing north and south were observed to snap out and back into place. 
No damage.

17:11. Fairbanks. Slight shock.
9:12. Fairbanks. Slight shock
17:36. Fairbanks. Slight shock.
5:30. Ellamar. Moderate shock.
11:30. Fairbanks. Slight shock.
18:24. Fairbanks. Slight shock.
18:35. Fairbanks. Slight shock.

March 26: 
March 27: 
March 27: 
March 31: 
March 31: 
March 31: 
March 31: 
April 27: 8:15. 

damage.

Damaged brick oven.

All awakened. No damage.

Fairbanks. Light shock. Buildings swayed visibly. No
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April 27: 23:32. Anchorage. Slight shock.
July 9: 16:20. Anchorage. Moderate shock. No damage.
August 6: 19:30. Anchorage. Moderate shock. No damage.
August 19: 20:17. Dutch Harbor. Sharp shock. Cracked plaster and 

houses. Felt aboard ship in the harbor as four or five jolts.
September 1: 17:08 Fairbanks. Slight shock.
September 10: 18:10. Fairbanks. Slight shock.
September 24: 10:16. Fairbanks. Moderate shock. Buildings swayed. No 

damage.
October 5: 6:08. Fairbanks. Slight shock.
October 16: 11:47. Near Fairbanks. Moderate shock. Buildings swayed 

and drawers in cabinets on north-south axis thrown out several inches. Greater 
intensity was reported from a point 40 miles southeast of Fairbanks. Slight 
intensity reported 80 miles from Fairbanks.

November 3: 16:34. Fairbanks. Moderate shock. No damage.
December 16: 20:20. Fairbanks. Slight shock.
December 18: 20;54. Fairbanks. Slight shock.

HAWAIIAN ISLANDS

157H MERIDIAN (WEST) TIME

NOTE. In the case of these islands with their many earthquakes of volcanic origin, only the stronger 
ones are listed. Reports of the Hawaiian Volcano Observatory under the jurisdiction of the National 
Park Service give all details. "HVO" indicates that the epicenter given was determined by the Hawaiian 
Volcano Observatory.

January 15: 15:30. Felt in Hawaiian National Park, residential area, and 
by a few in Hilo. 19°24.5' north, 155° 16.3' west, HVO.

January 19: 14:58. Slight. 16.0 miles deep. Under Hualalai. 19°41.6' 
north, 155°52.0' west. Reported strongly felt in Kona and Kohala districts. 
Felt slightly in Hilo and Kau districts, HVO.

May 13: 15:32. Slight shock felt in Honolulu, HVO.
May 15: 10:28. Moderate to strong shock. Strongly felt in the entire island 

of Hawaii except Kohala district. Slight damage in Hilo. Felt strongly in 
Hawaii. 19°22.0' north, 155°08.0' west, HVO.

May 23: 14:14. Moderate to strong shock. Felt over entire island of Hawaii. 
19°28.5' north, 155°22.0' west, HVO.

May 24: 12:59. Moderate to strong shock. Felt over entire island of Hawaii. 
19°25.0' north, 155°14.0' west, HVO.

May 29: 19:15. Reported widely felt on Oahu and Maui Islands. 19°30' 
north, 156°50' west, HVO.

May 31: 20:51. Moderate to strong shock. Felt in Kau and Hilo districts 
and other parts of the island of Hawaii. Extra strong in Hawaii National Park. 
Moderate at Hilo. 19°34.0' north, 155°10.5' west, HVO.

June 12: 01:11. 13.0 miles deep. In Kau Desert area near Koae and Puu. 
Ohale. Felt generally on the island of Hawaii, but had greatest intensity in 
Hilo and Hawaii National Park areas, HVO.

June 19: 4:49. Moderate. In the area east of the Kilauea crater. 19°25.3' 
north, 155°15.0' west. Felt in Hilo and Hawaii National Park, where many per 
sons were awakened, HVO.

July 1: 0:20. Moderate shock. 19°23.0' north, 155°11.5' west. Felt by 
many in Hilo. Many awakened. Felt as swaying motion in Hawaii National 
Park, HVO.

July 14: 3:51. Moderate to strong shock. 19°19.5' north, 115°07.0' west. 
Generally felt on the island with the greatest intensity in the Kau-Puna area. 
Most sleepers were awakened in Hawaii National Park and in Hilo. Reported 
unusually strong at Pahoa, HVO.

October 11: 14:27.* 19°30.5' north, 155°29.0' west, HVO. Reported sharply 
felt at Mauna Loa resthouse.

October 11: 15:42.* 19°24.7' north, 155°1G.O' west, HVO. Reported felt 
in Hawaii National Park.

November 4: 22:58. 19° 17.5' north, 155°34.0' west, HVO. Reported felt 
in Pahala.

December 17: 14:48. 19°23.5' north, 155°16.8' west, HVO. Dismantled 
both components of Pit seismograph. Reported felt in residential area of Hawaii 
National Park.

December 22: 5:36. 19°24.4' north. 155°29.0' west, HVO. Reported 
strongly felt at Kapapala Ranch House
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PHILIPPINE ISLANDS

UOTH MERIDIAN (EAST) TIME

NOTE. In the easo of these islands with their many minor earthquakes only the stronger ones are listed. 
Reports of the Weather Bureau of the Philippine Islands give all details. Instrumental times given below 
are arrival times of the first preliminary tremors recorded at Manila unless otherwise stated. The inten 
sities are according: to the R-F scale. Practically all of the information given in this report is taken from 
the seismological reports of the Weather Bureau of the Philippine Islands.

January 5: 11:24.* Luzon. Intensity IV in Iba, Corregidor, and Manila.
February 15: 19:42. Calbayog, Samar. Earthquake of intensity VI with 

vertical motion.
April 5: 0:46.* Mindanao and Samar. V at Dapa; IV at Guinau.
April 14: 11:54.* Southeast Negros. V at Dumagnete.
May 7: 1:00.* Mindoro and South Luzon. V at Batangas; IV at Ambulong, 

Atimonan, Lucena, Boac, Daet, Santa Cruz, and Manila.
May 8: 8:48.* Southeast Lyon. IV at Naga and Daet.
May 25: 14:16.* Southeast Luzon. Center in Pacific Ocean. VII at 

Capalonga. Light damage. VI at Daet.
June 2: 11:33.* Mindanao and Sulu. IV at Jolo and Davao.
June 2: 14:10.* Southeast Luzon. V at Naga; IV at Daet.
June 3: 13:47.* Southeast Luzon. V at Daet.
June 6: 16:41.* Mindanao and'Negros. IV at Dumaguete.
June 12: 21:21.* Basco, Batanes. IV.
June 27: 7:04.* Mindanao and eastern Visayan Islands. Center in Philip 

pine Deep. V at Butuan; IV at Port Lamon, Dapa, Cagayan, Baganga, and 
Davao.

August 5: 8:10.* Northeast Mindanao. Center in the Philippine Deep. 
Felt with intensity V and of 8 seconds' duration in Surigao. Intensity IV-V in 
Dapa. Felt slightly at Butuan and Cantilan.

September 12: 14:03. Surigao, Surigao. Earthquake of intensity IV.
October 30: 21:53.* Central Luzon. Earthquake of intensity IV in Baguio. 

Felt slightly at San Fernando, La Union.
November 22: 18:22.* South Luzon. Felt in Manila with intensity IV. 

Center probably near Polillo Island and deeper than normal.
December 8: 14:38. Northeast Mindanao. Earthquake of intensity IV at 

Dapa.
December 21: 4:21.* Negros. Earthquake of intensity V at Dumaguete.
December 22: 5:00.* Mindanao and Sulu. Earthquake in Celebes, Nether 

lands East Indies. Felt with intensity IV-V in Jolo.

PUERTO RICO

60TH MERIDIAN TIME

January 1: 4:00. Sabana Grande. Slight shock. Felt by many.
March 7: 18:10. Slight shock felt in San Juan and vicinity including Caguas. 

Also felt noticeably at Charlotte Amalie in St. Thomas, V. I., where windows and 
doors shook, and many people were reported alarmed. A report from San Juan 
states that there were two shocks within an interval of 1 minute.

June 12: 0:05.2* Centered off shore to the north of Puerto Rico. (Instru 
mental determination 21.8° north, 66.0° west). Felt slightly in San Juan and 
vicinity. Felt sharply by four ships at sea. The following are the reported 
positions of the ships: 20°50' north, 65° 15' west; 22°30' north, 66°20' west; 
20°20' north, 65°31' west; 20°25' north, 65°59' west.

PANAMA CANAL ZONE

75TH MERIDIAN TIME

NOTE. Instrumental times given below are the arrival times of the first recorded phases on the seismo 
graph at Balboa Heights unless otherwise stated.

March 13: 10:06.* Epicenter about 50 miles from Balboa Heights. Ill at 
Balboa Heights.

September 9: 8:21.* Epicenter about 45 miles from Balboa Heights. II at 
Balboa Heights.

October 13: 10:23.* Epicenter about 55 miles from Balboa Heights. I at 
Balboa Heights.

October.14: 8:47.* Epicenter about 95 miles from Balboa Heights. II at 
Balboa Heights.
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October 20: 15:07.* Epicenter about 120 miles from Balboa Heights. IV 
at Balboa Heights. Widely felt.

November 13: 20:49.* Epicenter about 75 miles from Balboa Heights. II 
at Balboa Heights.

November 27: 21:10.* Epicenter about 65 miles from Balboa Heights. 
III-IV at Balboa Heights. Felt generally throughout the Isthmus of Panama.

MISCELLANEOUS ACTIVITIES

GEODETIC WORK

From October 1938 to January 1939 a triangulation resurvey was 
made of certain monuments in the locality between Petaluma and 
Point Reyes, Calif., originally established in 1928. About 50 sta 
tions were occupied. It is intended that periodic reobservations of 
this scheme will be made so that knowledge of possible earth move 
ments may be obtained.

TIDAL OBSERVATIONS

No tidal disturbances of seismic origin were noted on the gages of 
the Bureau and cooperating stations during the year.

HYDROGRAPHIC WORK

One earthquake was reported felt by a vessel of the Coast and 
Geodetic Survey. See report of the Dutch Harbor, Alaska, earth 
quake of August 19 on page 29.

SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated, 
together with epicenters based on the published data and instrumental 
results received from seismological stations in all parts of the world. 
These reports will be furnished upon request to the Director of the 
Bureau.

Instrumental results are published for the following observatories:
Balboa Heights, Canal Zone (the 

Panama Canal).
Bermuda (Meteorological Station, St. 

George's, and International Union of 
Geodesy and Geophysics).

Bozeman, Mont. (Montana State Col 
lege).

Burlington, Vt. (University of Vermont).
Butte, Mont. (Montana School of 

Mines).
Chicago, 111. (University of Chicago and 

United States Weather Bureau).
College, Alaska (University of Alaska).
Columbia, S. C. (University of South 

Carolina).
Des Moines, Iowa (Private station, M. 

M. Seeburger, Director).
East Machias, Maine (Massachusetts 

Institute of Technology).
Honolulu, Hawaii (University of Ha 

waii) ,

Huancayo, Peru (Carnegie Institution 
of Washington).

Lincoln, Nebr. (Nebraska W'esleyan 
University).

Logan, Utah (Utah State Agricultural 
College).

Montezuma, Chile (Smithsonian Insti 
tution).

Philadelphia, Pa. (The Franklin Insti 
tute).

Salt Lake City, Utah (University of 
Utah).

San Juan, P. R.
Seattle, Wash. (University of Washing 

ton).
Sitka, Alaska.
Tucson, Ariz.
Ukiah, Calif. (International Latitude 

Observatory).
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San Juan, Sitka, Tucson, and Ukiah are Coast and Geodetic Survey 
stations; Bermuda, Bozeman, Butte, Chicago, College, Columbia, 
Honolulu, Lincoln, and Salt Lake City are cooperative stations; 
Balboa Heights, Burlington, Des Moines, East Machias, Huancayo, 
Logan, Montezuma, Philadelphia, and Seattle are independent 
stations. All readings are made or revised at the Washington office 
except those for Balboa.

The epicenter results for 1938, which were not available when Serial 
629 went to press, are given below in addition to the epicenters for
1939.

Table 1. Summary of instrumental epicenters for 1938

1938

Jan. 1     ..
Do-
Do  .--

Jan. 7   ----

Do   

Jan. 16- .-

Do    
Jan. 18   

Do___---
Jan. 23 _  
Jan. 24___   _

Feb. 1    
Feb. 4____   _
Feb. 5    __
Feb. 6   .__

Do    -
Feb. 7   .
Feb. 8____ . 

Do    
Do.   
Do_   ...
Do    .

Feb. 9    
Feb. 13   .
Feb. 14  __

Do   .
Feb. 15   

Do  ... -
Feb. 22   

Do...... .

Mar. 8  -
Mar. 9.    
Mar. 14_   _ _ 

Do.......
Mar. 16_ ____
Mar. 21_  _.
Mar. 22______ 

Do   ___
Mar. 23__   
Mar. 25_   ._ 

Do    
Mar. 27. ..  
Mar. 31.___ __ 

Do    

Universal 
(Greenwich 
civil) time 
at origin

h m 
11 25.3 
15 56. 2 
23 28. 0 
22 27.3 
21 17. 1 
15 26. 6 
20 25. 7 
20 54.4 

0 24.9 
15 11.9 

3 15.3 
13 59.7

21 41. 6 
4 20.1 
9 28. 7 
8 32.8 

10 31.7 
16 53. 6 
3 40.0 

17 10. 4

19 04.3 
10 27.4 

2 23.4 
7 07.6 

19 04.8 
1 19.1 
5 38.3 
7 16.1 

10 56.9 
14 21. 4 
16 00. 8 
12 26. 7 
8 03.8 
2 54.2 

15 22. 1 
3 27.8 
6 57.2 
6 04.6 

14 01.6 
23 27. 0 
13 32.4 

1 56.3 
5 35.2 
5 17.0 
0 48.5 
5 14.2 
4 45.3 
1 19.8 

15 22.2

22 27.9 
14 05. 7 
8 22.6 

15 49. 4 
11 16.4 
17 03.7 
22 31.2

Region and focal depth

East China Sea... __________ ___ ________________

Off south Japan. _ . ..___. .__

Probable epicenter. Between Samoa, Fiji, and 
Tonga Islands.

Hawaiian Islands. Destructive _ .   . _._  

Probable epicenter. Between Tonga, Samoa, and 
Fiji Islands.

North of Galapagos Islands ._  
Western Colombia. Depth nearly normal ._   ___

Probable region. Northwestern Argentina..  -...
Solomon Islands
Off Ecuador...               ___   _   _-  
  do           .                  
Probable location. Off Ecuador _ _._        
Probable epicenter. Off Ecuador ._. .____..__

Off northeast New Zealand. Depth normal. _ ._ 
Western Turkestan
Off Ecuador......   _ _

  ___do__ ___                        
Solomon Islands.

Northwest of Solomon Islands. Depth normal _

Northeast of Bombay, India. Depth normal.. ... 
West central China. Depth nearly normal
Off northern Chile. ... _

West of Queen Charlotte Islands. Depth nearly 
normal. 

South of Queen Charlotte Islands _____________

Near north coast of Honduras .....

Hungary-Yugoslavia border. Depth normal. _ 
Southern California. By Pasadena ..._... .......
North of Luzon, Philippine Islands. Depth nor 

mal.

Coordinates of provisional 
epicenter »

Latitude

16 N. 
13. 8± N. 
25. 5± N. 
16.2 N. 
31± S. 
4.2 S. 

30. 8± S. 
29.5 N. 
39. 0± N. 
33. 3 N. 
31 S. 
19± S.

5.9 S. 
3.4± S. 

37. 3± N. 
21. 2 N. 
59± S. 
30. 2 S. 
32. 4 N. 
17. 5± S.

5 S. 
3± N. 
4.6± N. 
3. 9± S. 
27± S. 
2. 3± S. 
1.9± S. 
2. 1± S. 
2± S. 
2.5± S. 
1.0± S. 
1.1 S. 

36. 2 S. 
40. 0 N. 
2.5 S. 

19.8 N. 
19. 6 N. 
8.2 S. 
6.8 N. 

54 S. 
19. 7± N.

4 S. 
6.1 N. 

22 N. 
32. 5 N. 
28 S. 
14. 5 S. 
52. 6 N.

52. 8 N. 
16 N. 
16. 0± N. 
16± S. 
45. 8 N. 
34. 4 N. 
20.0 N.

Longitude

97. 9 W. 
97. 6± W. 

143. 0± E. 
98. 5 W. 

178± W. 
152.2 E. 
70± W. 

131.9 E. 
123. 1± W. 
135.8 E. 
155 W. 
175± W.

75. 0 W. 
103. 0± E. 
71. 3± E. 

156. 1 W. 
37± W. 

177. 4 W. 
47.0 E. 

176. 5± W.

132 E. 
90± W. 
75. 4± W. 

149. 5± E. 
67± W. 

151. 9± E. 
81. 2± W. 
81. 2± W. 
83± W. 
81. 5± W. 
81.0:± W. 
79. 6 W. 

179. 9 W. 
53.3 E. 
81. 9 W. 
26. 2 W. 
26. 4 W. 

156.7 E. 
82. 5 W. 
11 E. 

110. 0± W. 
153. 5± E. 
154 E. 

83. 0 W. 
75 E. 

103.8 E. 
71 W. 

173. 0 W. 
132. 1 W.

131.0 W. 
100 W. 
85. 2± W. 

178± W. 
17.0 E. 

116.3 W. 
121.0 E.

1 In some cases, Pasadena epicenters for instance, the locations and origin times are known much more 
accurately than indicated in this table. See the monthly instrumental reports for further details.
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Table 1. Summary of instrumental epicenters for 1938 Continued

1938

Apr. 1    _.
Apr. 2_. ......

Do  ...
Apr. 4........

A -r^f Q

Apr. l2 ___
Apr. 13  .

Do .___
Do_......

Apr. 14.   
Apr. 15 ......

Do   
Do ......

Apr. 17.  .
Do....._.

A nr 1Q
Do-   __

Apr. 20  -
Apr. 22.......

Apr. 24.......

Do.......
Apr. 25    .

Do  __.

Apr. 28   .

Do   ...

May 12......
Do.    
Do ......

May 13.   -
May 14.   __
May 15.
May 16-.--. 

Mav 19

May 22..--
Do.... 

Do    

May28__-  
Do  ....
Do    
Do.   

May SI......

June 1 ......
June 3 . -   .-

Do    
Do_    

June 6. -----

June 10__ 
Do..-.-.
Do    .

Junc 11- _ .... 
June 13   -   
June 15 

Do 
Do.._ . .

Universal 
(Greenwich 
civil) time 
at origin

h m 
19 22. 6 

6 02.3 
7 30.0 

21 09.1 
9 10.6 

11 02. 5 
2 45.8 

13 53. 2 
19 29.8 

1 16.5 
2 58. 5 

18 23. 3 
19 11.6 
20 17.0 
8 56. 1 

14 39. 5 
10 59.3 
21 43. 4 

6 27.1 
4 15.8 
0 28.1 

14 10. 9

20 21. 1 
9 04.3 

17 07.8 
12 53. 7 
6 07.4 

23 40.4 
2 15.4 

18 17. 4 
13 48. 1 
14 40. 5 
10 32. 3 
14 44.6 
15 38. 9 
21 31. 5 
22 09.5 

2 53.5 
23 41.8 

3 33. 7 
1 07.5

17 08.5 
7 17.8 
7 45.8 
8 22.1 
7 18.5 
8 21.8 

21 23.8 
10 14. 1 
11 03.0 
13 29.6 
16 42.1 
14 29.7

8 34.9

8 04.6 
14 38.6

1 19.0 
2 09.4 

16 31.6 
2 42.7

12 14.4 
19 15.1 

9 53.6 
14 41.0 
18 06.2 

5 19.2 
3 20.4 
7 43.8 

12 40.8 
20 13. 6

Region and focal depth

Southeast of Celebes. Depth nearly 400 km   

Lapari Islands, north of Sicily. Depth 300 km__._

Central Burma, India       __     -     --
Probable epicenter. West of Kermadec Islands.-.

Probable epicenter. Northeast Lower California. _

Probable epicenter. South central Australia. -

.....do.-.. --....- _-_-_.-    ...       --  

Probable epicenter. Northern Argentina. Depth 
about 100 km. 

Probable epicenter. Colombia- Venezuela border .

Off west Nicaragua. Destructive.. ------------ -

Southeast of Celebes. Depth about 700 km.

North of New Britain. Depth normal ._ __ _ ....

Off west Nicaragua ____    - _ _ _ ._ _ _......-..
Off Cape Farewell, Greenland . . ... ....
East of Kermadec Islands. Depth probably about 

600km.

--do.... . ----- ------------

West of Luzon, Philippine Islands. Bv Manila

Off Oregon.....   ...  __-   --       _._   .___
Off Ecuador .-__-__ -   --_   -_   .     _..__.
Northern Lower California. By Pasadena .   ....

Southern New Hebrides. Depth approximately 
normal. 

Southern California. By Pasadena. Depth nor 
mal. 

Gulf of California. By Pasadena. Depth normal 
Northwestern Mexico. By Pasadena. Depth 

normal.

Northern Lower California. By Pasadena. Depth 
normal.

Southern California. By Pasadena. Depth normal.

Probable epicenter. East of Solomon Islands ... 
Central Chile. Depth about 70 km.-- ... _-   .

-_ do------ ------ _-_.-.. . . -___--__

Coordinates of provisional 
epicenter

Latitude

32. 4 N. 
60± S. 
44. 5 N. 

6. 2± S. 
15. 8 S. 
13± N. 
38. 8 N. 
10. 7 N. 
32. 9 N. 
22. 6± N. 
30 S. 
30. 3 N. 
30. 5 N. 
13. 8± N. 
28 S. 
19. 5 S. 
39. 0 N. 
22. 1 S. 
21.6 S. 
50. 0 N. 
27. 5± N. 
23=b S.

2 N. 
78. 7 N. 
12. 2± N. 

6 S. 
32. 6 N. 
7.7 N. 

17. 9 N. 
12. 3 N. 
47. 3 S. 

6. 7± S. 
36. 6 N. 
15.9 N. 
5.1 S. 

17 N. 
35 N. 
58 N. 
12. 0± N. 
58± N. 
28± S.

1.0 S. 
22± S. 
20.0 S. 
20 S. 
35.6 N. 
18.2 N. 
41. 9 N. 
43. 0 N. 

1 N. 
32.6 N. 
44 N. 
19.8 S.

33. 7 N.

30. 8 N. 
32.2 N.

17. 5± N. 
13 N. 
38 N. 
32. 2 N.

35. 2± N. 
3.0 S. 

25.5 N. 
34. 1 N. 
17.7 N. 
34. 8± N. 
10 S. 
33.0 S. 
21.0 S. 
21. 8± S.

Longitude

116. 0 W. 
66± W. 

149. 2 E. 
126. 4± E. 
167. 9 E. 
92± W. 
15. 2 E. 
60. 2 W. 

115. 6 W. 
94. 9± E. 

180 
113. 7 W. 
114 W. 
93. 1± W. 

134 E. 
70. 6 W. 
33. 0 E. 

175.6 E. 
174. 9 E. 
129.4 W. 
131. 2 ± E. 
64± W.

69 W. 
5 W. 

86. 9± W. 
126 E. 
118. 2 W. 
74. 5 W. 
99. 8 W. 
86. 7 W. 

100.5 E. 
123. 8± E. 
121. 1 W. 
101. 2 W. 
148. 7 E. 
38 E. 
27 E. 
34 W. 
88. 3± W. 
34± W. 

176± W.

120.0 E. 
171± E. 
167. 8 E. 
168 E. 
141.5 E. 
119.7 E. 
17.3 E. 

125. 6 W. 
85 W. 

115. 3 W. 
145 E. 
169.0 E.

117. 5 W.

114.4 W. 
115. 2 W.

98. 5± W. 
99 W. 

141 E. 
115.2 W.

114. 8± W. 
127.2 E. 
125.0 E. 
117.0 W. 
98. 3 W. 

115. 2± W. 
165 E. 

72. 8 W. 
168.9 E. 
169. 5± E.
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Table 1. Summary of instrumental epicenters for 1938 Continued

1938

June 16   .
Do_    
Do--   .

June 18  -

Do_   ...

Do ------
Do.    

Do    .
June 28    -

Do    .
Do. ------

July 3    -

Do-.. -.
July 5    .

Do
Do.   ...
Do  . 

Do_    
July 6 -------

Do.    
Do.    
Do. ------
Do ----- 

July 10.    

July 14. ------
July 20  ... .

Do    .
July22.    
July 23 . 
July 24   

Do    .
July 26.    

July 28.    
July 29.    

Do...   .

Julv 31. ------
Aug. 2_._   .

Aug.3__.---.
Aug. 4_    

Do ------
Aug. 18--   .

Do-   . 
Do.    

Aug. 20---   
Aug. 21.-.--.
A ntr 99

Aug. 23_-   - 

Do.    
Do   .

Aug. 25---   
Do    

Universal 
(Greenwich 
civil) time 
at origin

ft TO
2 15.3

,5 59. 2
11 44. 7
0 42.8

17 12.0
14 02. 1
23 50. 6
23 08.4

1 03.9
12 55.4
22 11. 1

5 46.2
23 45. 2
19 17.9
10 25. 0

18 44.9
16 44.7

21 13. 3

21 59. 8
2 03.7

9 50.9
18 06.9

22 07.1
1 24.4
6 02.5
6 26.1

18 20.1 
18 06.3

23 31.4
0 23.7

7 48.1

13 12.3
6 35.0

0 38.5
13 06.7

21 15.0

10 37. 1
7 12.8

13 32.6
8 54.8

2 02.1

4 05.9
4 27.9

7 39.7 

9 30. 0

8 31. 1 
16 22. 5

3 36. 6

0 04.9 
1 28.1

Region and focal depth

Ryukyu Islands- ----------- ....................

do

....-do--                            

Probable epicenter. East of North Island, New
Zealand.

Southern California. By Pasadena. Depth normal-

Depth normal.

.-.-.do ....... -.....-...                
. -do-..___ .......-.--------------. ........ ......

Southern California. By Pasadena. Depth normal

Southern Nevada. By Pasadena. Depth normal 
Southern California. By Pasadena. Depth normal

normal.

about 110 km.

normal. 
Southern Nevada. Bv Pasadena. Depth normal

Depth normal.

Andes mountains, northern Argentina. Depth
about 200 km.

tive.

Southern California. By Pasadena. Depth 
normal. 

Southern Sumatra. Depth nearly 100 km_ . ... .

North of New Britain Archipelago . 
Probable epicenter. Off southwestern Mexico.. .

Central New Jersey. By New England Seismo- 
logical Association.

do.-.-...... . -.-...-..-.-.--------------.

Probable epicenter. Near west coast of Colombia 
Off southern Sumatra. Depth nearly 100 km..  

Coordinates of provisional 
epicenter

Latitude

27. 6± N.
33. 5 N.
22± S.
29± N.

5 N.
4± N.

42. 9 N.
1 S.

30 S.
20. 5± S.
34. 2 N.
34. 0 N.
76. 5 N.
20.0 N.
33. 4 N.
33.4 N.
16 S.
19.9 S.
6.0 N.

37 S.

21. 2± S.
32. 9 N.
21 S.
21 S.
20± S.
33. 7 N.

22 S.
23 S.
22. 7 S.
35.8 N.
22. 3± S.
36. 1 N.
33. 2 N.
22 S.
21 S.
38. 0 N.

9 N.
18.7 N.

5. 7± S.
32. 0± N.
53. 7± N.
35.6 N.

37.6 N.
0.4 S.

34.8 N.

38.3 N.
33.3 N.

43. 9± N.
24. 0± S.

1 S.

20± S.
23. 0± N.
47 N.
36. 7 N.
35.0 N.

4. 3 S.
28. 0± N.

1.0 S.
20 N.
36. 5 N.
40.2 N.

40. 2± N.
40. 2± N.

9 S.
4 N.
5.8 S.

Longitude

129. 9± E.
116.6 W.
172± E.
140± E.
81 W.

121± W.
75.8 E.

150 E.
70 W.

169. 0± E.
117.1 W.
116.4 W.

7 E.
99. 7 W.

115.6 W.
1 15. 6 W.
168 W.
168.9 E.
82. 8 W.

178 W.

169. 6± E.
116.2 W.
170 E.
170 E.
168± E.
117.5 W.

172 E.
171 E.
172.3 E.
116.7 W.
171. 6± E.
114.8 W.
116.4 W.
172 E.
174 E.
23.3 E.
40 W.

107.1 W.
147. 5± E.
116. 2± W.
166. 2± W.
117. 1 W.

115.8 W.
98.9 E.

116. 5 W.

115.8 W.
116.9 W.

126. 2± W.
65. 9± W.

80 W.

177± E.
94. 4± E.

149 E.
113.7 W.
116.2 W.

102. 6 E
129. 0± E.
149.4 E.
108 W.
98.5 E.
74. 2 W.

74. 2± W.
74. 2± W.

119 E.
78 W.

101.2 E.
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Table 1. Summary of instrumental epicenters for 1938 Continued

1938

Aug. 27--   
Do_------

Aug. 31------

Do. ----__

Sept. I... _  
Do. _-_--_

Sept. 7------
Do__-_-..
Do------

Sept. 9. ------ 
Do__---_-

Sept. 10_._-_-
Sept. 11-----
Sept. 12-_->-

Sept. 16-----

Do_------

Do -----

Do_-   
Sept. 19---.-.

Sept. 20.-   -
Do----

Sept. 23.-.--
Do_.----.

Sept. 25_-_- _.
Sept. 27-.--

Do------
Sept.28.-----
Sept. 29---.-

Do_------

Oct. 7    - 
Do.---.-
Do______- 

Oct. 10-------
Do-------

Oct. 11_-. .-.-
Oct. 12. ______
Oct. 13------.
Oct. 14------
Oct. 16------
Oct. 17------
Oct. 19 -  
Oct. 20--  

Do    
Oct. 21.-----.

Do..---..
Do --

Oct. 23------
Do     

Oct. 29-.- - 
Do_------

Nov. 1. .-___

Do    
Nov. 5-    

Do-.---.. 
Do-----.

Nov. 6  -----
Do_    
Do    
Do    

Universal 
(Greenwich 
civil) time 
at origin

h m 
22 36.4 
22 37.1 
15 22. 3 
11 49.6 
3 18.2

17 45.2

2 54.2 
22 48. 4 
20 45.8 

1 54.5 
4 03.4 

12 58.4 
17 27. 2 
18 25.6 
22 23. 6 
17 19.6 
6 10.7 

18 09.9 
6 11.0 
3 34.4 

14 23.1

17 20.3 
1 29.5 
3 50.6 

13 07.9

3 05.2 
5 38.8 

18 52. 1 
1 51.5 
8 20.1 

20 13.8 
10 15.8 
12 23.8 
18 13.6 
23 31.6 
23 35.0 

8 38.2 
18 45. 3 

8 25.3 
0 51.7 
6 11.6 

16 23.8 
2 56.4 

20 48.1 
0 07.8 
0 34.6 

15 26.4 
15 52.2 
2 19.7 

15 26.9 
4 13.5 
2 19.4

11 16.9 
6 46.4 

20 24.2 
23 35. 8

5 08.4 
15 01.4 
13 08.5 
22 53. 2

8 26.1 
5 42. 0 
9 00. 0 
8 43.4 

10 50. 4 
21 23. 0 
8 53.9 

17 19.2 
21 03. 9 
21 38.8

Region and focal depth

do-.-.--  ------- ----   -   --     -
Philippine Islands. By Manila. Destructive   ..

Near Long Beach, California. By Pasadena. 
Depth about 25 km. 

New Ireland Island. Depth probably about 350 
km.

Off Guatemala _-   _       -  -       -      

Probable epicenter. Ogasawara Islands, Japan. . .

Southern California By Pasadena. Depth normal- 
do.. ------ ..   .----             _-.

Southern California. By Pasadena. Depth 
normal.

Southern California. By Pasadena. Depth nor 
mal.

Probable epicenter. Southwestern New Mexico. .

Probable epicenter. Southwestern New Mexico. . 
. ....do. ----------------------------- -----___

.- .do-....--- .... ------- -_-___-   _  

Off northern Timor Island. Depth probably 
about 90 km.

Northeast of New Zealand. Depth probably 
about 140 km.

Southeastern Japanese coast. ... . . ... - . .. 
Northwest of Lombok Island. Depth about 100 

km.

Eastern Honshu Island, Japan. Depth normal... 
East of Honshu Island, Japan. Depth 100 km.. _.

----.do.-..-   -     ------------ --------- --  
   .do..                      -   _.

Coordinates of provisional 
epicenter

Latitude

40.2 N. 
40.2 N. 
12. 1 N. 
3.4 S. 

33. 8 N.

3.6± S.

24. 0± N. 
13. 0 N. 
43. 6± N. 

5 N. 
23. 9 N. 
6± S. 
7.2± S. 

32 S. 
6 N. 

28± N. 
40.3 N. 
32. 5± N. 
36. 4± N. 
35. 5 N. 
35. 6 N.

33. 2 N. 
47± N. 
38. 1 N. 
33. 3 N.

7.0 N. 
33. 2± N. 
35. 3 N. 
45. 9 N. 
38± N. 
13. 4± S. 
5.2± S. 

36. 5 N. 
11 S. 
33. 2± N. 
33. 2± N. 
35. 5 N. 
34. 3 N. 
5± S. 
0 

10. 3 N. 
10.0 N. 

3. 5± S. 
2.2 N. 
2 N. 

41± N. 
23. 6± N. 
58. 0± N. 
43.3 N. 
43 N. 
49. 0 N. 

9 S.

8.4± N. 
43 N. 
3.0± N. 

34. 9± S.

24.3 N. 
16 S. 
35. 6± N.

8 S.

33. 0± N. 
16. 9± N. 
32. 9± N. 
37. 0± N. 
38. 2 N. 
26± N. 
36. 9 N. 
36. 4± N. 
36. 5 N. 
36. 3 N.

Longitude

74. 2 W. 
74. 2 W. 

124.1 E. 
144. 2 E. 
118. 2 W.

151. 5± E.

122. 9± E. 
89.0 W. 

150. 2± E. 
127 E. 
121.5 E. 
154± E. 
80. 3± W. 
72 W. 
77 E. 

142± E. 
124.8 W. 
115. 6± W. 
121. 2± W. 
90.3 W. 

117.6 W.

108.6 W. 
153± E. 
22.6 E. 

116.3 W.

82. 9 W. 
108. 6± W. 
140.9 E. 

7.1 E. 
118± W. 
167. 2± E. 
151. 4± E. 
121.3 W. 
164 E. 
108. 6± W. 
108. 6± W. 
114.6 W. 
119.6 W. 
151± E. 
127 E. 
95.0 E. 
94.5 E. 

105. 3± W. 
127.3 E. 
128 E. 
143± E. 
121. 5± E. 
138. 0± W. 

3.3 W. 
141 E. 
90.4 E. 

124 E.

102. 6± W. 
130 E. 
66. 0± E. 

179. 1± W.

46. 0 W. 
42 E. 

141. 0± E. 
116 E.

108. 7± W. 
94. 0± W. 

108. 7± W. 
140. 5± E. 
141.7 E. 
142. 5± E. 
142.6 E. 
143. 2± E. 
142.0 E. 
142.4 E.
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Table ].   Summary of instrumental epicenters for 1938   Continued

1938

Nov. T. ......
Do-
Do   
Do.   .
Do    

Nov. 8___   .

Do.-.- _-
Nov. 10..  

Do    
Do-
Do   

Nov. 11.  
Do    
Do    
Do  .-
Do   
Do    

Do-

Do -----
DO
DO  

Nov. 15...  
Do-
Do  -
Do   -
DO     

Do__-___-

Nov. 18   
Do..  
Do-
Do   

Nov 19

Do.    
Do___ -___
Do-
Do   

Nov. 22......

Do.......

Do. -_--_-

Do   ...
Do   

Dec 1
Do-

Dec. 3  -----
Do..----.

Dec 4
Do_-_-_._

Do ----
Dec 7

Do    
Do---..-

"Mart Q

Dec. 12   

Do
Do ----

Dec. 15   

Universal 
(Oreenwich

at origin

h m 
0 47.9
1 38.4

13 13.9
9 1 E Q

19 40 0

20 18.8

0 57.8
2 K7 0

8 30 9

14. ftfi t
4 CO 0

O9 Q1 K

2 36.1
12 06.1
9 r1 A

15 22.4

21 00 3
5 36.3

14 12.3
15 31.7
18 30.0
23 25 0

1 22 9
7 ^Q 7

14 55 5
21 34. 7

1 14.1

1 K OA Q

8 20.4 
0 12.7

12 24 3
TO QQ fi

19 21.2

2 0Q Q

2 19 ^

OQ 94 A

7 44.0
12 11.8
17 42.8

6 12.2
1 R 9Q 9

3 00 "I

13 04.4
-i o oq Q

3 KC K

3 13.0

99 f>9 7

23 38.5

17 25.6
9 11.4

Region and focal depth

  -do.                           
-----do- ------ _     -                   

.....do--..--.-----.-----   .   --       ..-.-

-----do  ----------------------------- -------------
-   do..                             
.   .do...   ----        -       --.-.     -

-----do   ---.   .   .-     .    -.      

Probable epicenter. North of New Britain Island- _

North of New Hebrides. Depth about 200 km.--- .

Probable epicenter. Southeast of Kuril Islands. _ - -

East of Honshu Island, Japan. Depth probably
70km.

East of Honshu Island, Japan. Depth normal- 
Southwestern New Mexico. By Pasadena.

Depth normal. 
New Ivlexico

Southern California. By Pasadena. Depth
normal.

East of Honshu Island, Japan. Depth normal. _ -
East central California. By Pasadena. Depth

normal.

East of Honshu Island, Japan. Depth normal. ...

Probable epicenter. Gulf of California. By Pas
adena. Depth normal.

Probable epicenter. Southeast of Honshu Island,
Japan. 

Eastern Honshu Island, Japan. Depth normal  
Southern North Island, New Zealand ---------- - -

Coordinates of provisional 
epicenter

Latitude

33. 9 N.
36. 4± N.
37 N.
37 N.
33. 6 N.
36 N.
35 N.
16.3 N.
31. 8± N.
20.7 N.
55. 5 N.
56 N.
54.5 N.
55. 2± N.
32 N.
55. 7± N.
56. 5± N.
32. 9± N.
10 S.
47. 2 N.
9.3 N.

44± N.
37 N.
33 N.
4.8 S.

54. 8± N.
39. 1± N.
43± N.
51 N.
>4. 8± S.
55. 3± N.
37. 7± N.
55. 5 N.
12.6 S.
14.5 N.
44. 1 N.
55 N.
46± N.
30. 7± N.
20. 6± S.
23. 8± N.
55. 3 N.
45± N.
36. 4± N.

35.8 N.
52 N.
36± N.
33 N.

35. 1± N.
36.0 N.
33.9 N.

36. 9± N.
16 N.
15. 1 N.
16.3 S.
35.6 N.
37. 5 N.

37. 7 N.
8± S.
9.5 S.

28± N.
22.7 N.
34.0 N.
38. 0 N.
5.9± S.

57. 7 N.
25 N.

5^ N.
34.4 N.

39 N.
41 S.

Longitude

142.2 E.
142. 4± E.
143 V-i E.
141 E.
142.2 E.
142 E.
143 E.

98. 7 W.
142. 5± E.

74. 1 W.
157. 3 W.
157 W.
158.4 W.
158. 7± W.
141 E.
155. 4± W.
151. 8± W.
108. 7± W.
124 E.
154.3 E.
126.0 E.
150± E.
144 E.
143 E.
150.0 E.
162. 6± W.
123. 0± W.
137± E.
166 W.
98. 5± E.

156. 4± W.
141. 3± E.
156. 8 W.
167.8 E.
119.3 E.
154.0 E.
155 W.
155± E.
95. 0± E.

175. 4± W.
120. 0± E.
157. 1 W.
178± W.
141. 9± E.

120. 3 W.
35 W.

143± E.
109 W.

115. 1± W.
142.3 E.
118. 5 W.

141. 0± E.
147 E.

65. 5 W.
76. 8 W.

141.8 E.
118.8 W.

141.0 E.
162± E.
123.5 E.
112± W.
121.1 E.
118.4 W.
142.2 E.
155. 1± E.
152. 7 W.
110 W.

77^ W.
140.7 E.

142 E.
177 E.
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Table 1. Summary of instrumental epicenters for 1938 Continued

1938

Dec 16
Do

Dec 17
Dec. 18    .

Do-.. 

Dec 19
Do
Do-- ..

Dec. 22  -
Dec. 23   

Do    
Dec. 24

Do   -

Do    

Universal 
(Greenwich 
civil) time 
at origin

ft m 
17 21.4 
23 14. 7 
16 35.5 
20 55.5 
21 45.8

18 05.2 
18 23.8 
18 56.7 
14 51. 6 
12 26. 7 
16 57.2 

1 51.7 
18 14.9 
22 55.0

10 09.5 

4 37.6

22 07.2 
2 20.8

12 10.6

Region and focal depth

-... do --------

Eastern Honshu Island, Japan. Depth probably 
near 75 km.

Probable epicenter. Southwestern Turkestan.. 

Honshu Island, Japan

Probable epicenter. Gulf of California. By Pas 
adena. Depth normal. 

Southern California. By Pasadena. Depth nor 
mal. 

Arizona, Nevada, Utah-border. By Pasadena. 
Depth normal.

South of North Island, New Zealand. By Wel 
lington. 

Probable epicenter. Southern Alaska. Depth 
normal.

Coordinates of provisional 
epicenter

Latitude

44.9 S. 
44. 3± S. 
47. 5± N. 
5.0 N. 

38. 3± N.

53}.2± N. 
43. 9 N. 
38± N. 
40. 7 N. 
9.5± S. 

26. 3± N. 
36. 8 N. 
56. 2± N. 
25 N.

34. 1 N.

37 N.

33± N. 
40. 3 S.

59. 5 N.

Longitude

166. 3 E. 
166. 2± E. 
92. 1± E. 
82. 7 W. 

142. 4± E.

1541/Si W. 
147.6 E. 
58± E. 

142.8 E. 
118. 4± E. 
119. 8± E. 
140.7 E. 
155. 1± W. 
110 W.

117. 5 W. 

114 W.

109± W. 
176.4 E.

155.0 W.

Table 2. Summary of instrumental epicenters for 1939

1939

Jan. 11. ----__
Do     

Jan. 16    
Do   -

Do -----

Do   

Do..----.
Tan 9Q
Tan 94.

Do    

Jan. 25. _  

Do-   .-
Do-
Do   

Jan. 30. ------

Do    
Feb. 3    

Do... ....
Feb 4
Feb. 6    
Feb. 7_    ,.-
Feb. 8   ...

Do    -
Do    

Universal 
(Greenwich 
civil) time 
at origin

h m 
17 18.7 
11 19.3 
20 21.8 
21 13.9 
22 00.3 
0 11.3 
2 13.8 
1 44.3 

12 40.0 
10 02. 5 
20 17. 0 
20 40. 3 
13 31.7 
18 41.0 

2 22.8 
4 01.9 

19 48.9

3 32.9

20 26. 0 
14 11.8 
20 10.3 
23 05.0 
18 50.4 

2 18.4

23 50.6 
5 26.3 

20 13. 2 
5 19.4 

10 39.4 
4 09.7 
6 39.5 

10 26.6 
20 45. 5

Region and focal depth

Central California. By Pasadena ..     .   .. -
Probable epicenter. Southwest of Mexico _ -    

Probable epicenter. West of Svalbard Island.   ._ 
Nero deep, south of Guam. Depth about 150 km_ 
Off central Chile. Depth about 50 km        -

Possible epicenter. South of Aleutian Islands. . . -

East of New Ireland Island..   .. _______ _ ______

Northern Argentina. By Pasadena. Depth 580 
km. 

Near Concepcion, Chile. Destructive. Depth 400 
km. 

Probable epicenter. Northeast of Fiji Islands .. 
South of El Salvador...-. ----------------------

South of El Salvador                     
West of Solomon Islands. Depth probably nor 

mal.

North Atlantic Ocean-.----------.-------.   ----..

Coordinates of provisional 
epicenter '

Latitude

49. 4 N. 
22 S. 
36. 0 N. 
12. 7± N. 
38. 8 N. 
81± N. 
11± N. 
29.5 S. 
20.8 S. 
17. 4 N. 
50. 2 N. 
12. 9 N. 
7.4 S. 
3.6± S. 

31. 4 N. 
40. 1± N. 
26H S.

35. 4 S.

12.2 S.
13 N. 
38. 3 N. 
43. 0± N. 
13 N. 
6.7 S.

5.6 S. 
10. 0± S. 
24. 0± S. 
10. 0± S. 
45. 3± N. 
32 N. 
50 N. 
12 S. 
30. 7± N.

Longitude

129. 2 W. 
171 E. 
117.7 W. 
119. 5± W. 
119.6 W. 

5± E. 
145± E. 

72. 0 W. 
69. 3 W. 

106. 3 W. 
172. 0 W. 
91.8 W. 

148. 2 E. 
154. 2± E. 

16. 3 E. 
140. 9± E. 
63 W.

71. 9 W.

178. 1 W. 
90 W. 
14.9 E. 

147. 5± E. 
90 W. 

155.4 E.

147. 0 E. 
159. 4± E. 
175. 0± W. 
159. 7± E. 
26. 8± W. 

141 E. 
125 W. 
66 E. 
40. 6± W.

i In some cases, Pasadena epicenters, for instance the locations and omin times are known much more ac 
curately than indicated in this table. See the monthly instrumental reports for further details.
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Table 2. Summary of instrumental epicenters for 1939 Continued

1939

Feb. 9    
Do--__  
Do   

Feb. 15_____ ._
Feb. 16_______
Feb. 20    _
Feb. 23   

Do______-
Do_    

Feb. 26   _
Feb. 27_    
Feb. 28   

Do   

Do-
Do   
Do   -
Do   

Mar. 8_    

Mar. 17   
Mar. 20......

Do ....
Mar. 21......

Do-
Do   
Do    

Do    .
Do   

Mar. 23..-.-.
Mar. 25_   

Do   ...
Do   

Mar. 28___._.

Apr. 3.. ___.._

Do   
Apr. 4........

Apr. 15.___.__

Do.......
Apr. 17   
Apr. 18   

DO-......
Do    

Apr. 19 ______
Apr. 20_____._
Apr. 21.......

Do____-_.
Apr. 23    .

Do ___...

Apr. 25. __._..
' Do.... ...

Apr. 28   

Do.......

Do-
Do   
Do-
Do  -
Do-

Universal 
(Greenwich 
civil) time 
at origin

h m 
2 31.0 

11 45.3 
15 30. 6 
2 31.6 

18 51.2 
3 45.5 
8 45.8 
9 18.8 

10 07. 1 
14 16. 0 
23 27.9 
17 32.7 

1 17.0 
2 35.7 
7 00.6 

15 11.9 
1 54.2 

11 20. 8 
15 16.8 
17 17.0 
19 53.6 
21 58.2 

5 09. 9 
13 08.9 

3 22.5 
12 56.2 

1 11.3 
7 54.2 
8 35.7 

13 50.9 
3 45.5 
7 21.3 

19 16. 6 
16 20.6 
2 59.2 
3 25.3 

13 54.6 
3 .56. 1 
3 34.0 
0 17.4 
7 18.1 

21 37. 3 
2 .50.7

15 46.2 
10 11.0 
16 42.8

4 53.2 
13 45.8 
9 04.2

15 52.3 
3 17.8 
2 53.7 
6 22. 8 

18 06.5 
7 42.2 

17 46.1 
1 37. 0 
4 29. 2 

16 23.0 
17 29.0 
21 14. 9 
12 53.7 
13 39.3 
11 16.3 
0 33. 2 
2 55.6 

14 02. 8 
5 58. 5

7 28. 3 
11 50.6 
16 05. 9 
20 22.5 
21 53. 3

Region and focal depth

Southern California. By Pasadena. Depth normal. 
_____do. - _             .           -

New Britain Island___.__   _-___.   ..______.   _

South of Fiji Islands... ___________________________

Indian Ocean, west of Sumatra. Depth normal .

____do   _     -       -       ._       _

___.do .._.-.. __________________________ _._____._.
....do- __    _         _         .-_.-...

San Bernardino Mountains, California. By Pasa 
dena.

Northeast of Loyalty Islands. Depth probably 
100km.

Southeast of Honshu Island, Japan. Depth nor 
mal.

___ do-   .. ---..-.-.-----.-.....- -    _     _

Off San Diego, California. By Pasadena. ._._..__

Tartar Strait. Depth 550 km. ____________________

West central Peru. By St. Louis. Depth 150 km.

Off northwestern Honshu Island, Japan. By 
Alipore. Depth normal.

..... do.......   ...                     

Off northwestern Lower California. By Pasadena. 
Off northwestern California. By Berkeley..    

Coordinates of provisional 
epicenter

Latitude

&A± S. 
0.7 S. 

11.1 N. 
20. 0± N. 
36. 9± N. 

7. 3± S. 
34. 8 N. 
34. 8 N. 
13. 7± N. 
54. 0± N. 
30. 6± N. 

1 S. 
7 N. 
5.4± S. 
4.0± S. 

22. 9± N. 
5. 1± S. 

17. 0 N. 
41± N. 
10. 0 S. 
34. 8 N. 

6. 5± S. 
21± S. 
40. 9 N. 
30. 9 N. 
14. 0± N. 
0.4 N. 

10. 3± S. 
32. 4 N. 
32. 4 N. 
5.1 S. 

20.2 S. 
34. 8 N. 
28. 9± S. 
32. 4 N. 
32. 4 N. 
32. 4 N. 
31 K' S.
65. 2± N.
9!/2± S.

43. 3 N. 
16 S. 
34. 2 N.

21. 9± S. 
18± S. 
20. 0 S.

9.7± S. 
55 N. 
29. 8± N.

32. 4 N. 
32. 4 N. 
32. 4 N. 
26. 5 S.

32. 6 N. 
11. 9± N. 
54. 3± N. 
47. 5 N. 

0. 5± S. 
18. 8± N. 
31 N. 
12.2 S.

20.5 N. 
45. 4± N. 
9.0 S. 
9K'± S. 

39. 8 N.

39. 2± N. 
39. 5 N.
38. 8± N. 
32. 0 N. 
40. 2 N.

Longitude

158± E. 
98. 3 E. 
86. 2 W. 
98. 8± W. 

141. 2± E. 
154. 8± E. 
119.0 W. 
119.0 W. 
146. 0± E. 
162. 0± W. 
113. 0± W. 

18 W. 
103 W. 
151. 7± E. 
143. 0± E. 
69. 3± W. 

147. 8± E. 
67. 0 W. 

143. 3± E. 
159.4 E. 
119.0 W. 
156. 6± E. 
180± 
126.2 W. 
131.8 E. 

93. 7± W. 
89.7 E. 

162. 4± E. 
115.6 W. 
115.6 W. 
147. 4 E. 
173. 8 W. 
116.2 W. 
176. 9± W. 
115.6 W. 
115.6 W. 
115.6 W. 
138 E. 
148± W. 
129J_.4= E. 
145.6 E. 
174 W. 
117. 1 W.

169. 6± E. 
168± E. 
168. 7 E.

74. 5 W. 
157. 0± W. 
142. 3± E.

115.6 W. 
115.6 W. 
115.6 W. 
70. 2 W.

117.8 W. 
61. 7± W. 

157. 8± W. 
139. 5 E. 

17. 2± W. 
69. 3± W. 

114 W. 
75. 3 W.

123.1 E. 
28. 4± W. 

159J/2 E. 
159. 0± E. 
139.9 E.

139. 6± E. 
139.2 E. 
140. 1± E. 
117. 5 W. 
124. 7 W.
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Table 2. Summary of instrumental epicenters for 1939

1939

Do --

Do. -----
Do------

Do-------

Do   -

Do --

Do   -

Do  --

Do------
Do------

May 9

May 11
Do ----- 
Do-------

"rVFav 19

 Do.--   -
Do --

Do--   _ .
Do--    -

May 16---   -
Do _-... .

Do.----.
Do------
Do --
Do. ----__

TV/TQV 1Q

Do.---
May21....__
May 22__,___

May 24_____ .

DO-     --
May 27
May28.-..__
May 29-_--_-

Do  . 

Do. ------
June 12_-..__ 

Do    -

Do--. 

Do    

Do  . ...

June 20

Universal 
(Greenwich 
civil) time 
at origin

h m 
23 53.1

23 58.1 
6 15.2 

13 14.8 
18 49.5 

7 05.6 
8 28.3 

23 58. 1 
20 44.8 
22 36. 0 

6 00.2 
17 00.1

20 04.3 
12 31.0 
19 32. 5 

1 47.0 
2 48.1 

16 15.5 
7 28.5 
7 44.3 
2 42.9 

18 04. 7 
20 59. 5 

7 49.3 
14 04. 8 
19 25. 0 
0 43.8 
2 49.1 

12 59 
18 12. 7 

6 09+ 
20 57. 5 

7 20. 2 
23 22.7 
0 16 
3 42.1 

15 10.2 
18 18.8 
18 30.6 
18 25. 3 

3 ]2. 7 
9 35.6 

20 21.9 
1 34.8 
2 49.6 
4 18.8 

17 15.9

9 40.6 
17 50.4 
3 45.6 
2 31.8 
6 33.3

3 33.3

0 23.9 
1 19.2 

11 57. 5 
23 03.5 
20 46.9 

0 15.8 
0 50.8 
4 05.2 

11 41.5 
15 49. 5 
18 25. 0 
17 15. 7 
20 39.7 
12 02. 7 
19 17. 1 
16 46.2 
21 43. 2 
12 32. 5

Region and focal depth

Off northwestern Lower California. By Pasadena. 
Depth normal. 

...-.do  . -___-_-_-   _.---.--___     ___

Gulf of California. By St. Louis. Depth normal

Off northwestern Lower California. By Pasadena 
.- --do _   -   --.-_----_--------    -  

--.-.do  ---------------------------------

Southern Luzon, Philippine Islands. By Manila. 
Depth 75 km.

-__-do_ ___-   --- ---------------------

-._. do -._.-............__...-----------------..

_. do_ ----- ------ --------------------------

East of North Island, New Zealand. Depth 200 km.

Formosa                                             

Southeast of Volcano Islands. Depth normal.

South of Fiji Islands. Depth 550 km _-_.._______.

San Bernardino Mountains, southern California. 
By Pasadena.

Northwestern Mexico. By Pasadena. Depth 
normal. 

South of Mindanao, Philippine Islands. Depth 
probablv 85 km.

Probable epicenter. Southeast of Tonga Islands. _

_____do-  ------------------------------------

Probable epicenter. Northern Kuril Islands.   .  
Off western Costa Rica. Depth200km- .._-_...

South of Peru. ------------------------------------

Coordinates of provisional 
epicenter

Latitude

32. 0 N.

32. 0 N. 
0_t 

29. 4 N. 
35.9 N. 
7± S. 

32. 0 N. 
32. 0 N. 
36. 0 N. 
36.0 N. 
5H N. 

13.5 N.

10.2-t S. 
36. 0 N. 
36.0 N. 
36.5 N. 
34. 8 N. 
38. 8 N. 
56. 4_t N. 
51. 8_t N. 
38 N. 
38. 6 N. 
38. 6 N. 
38. 6 N. 
43 .t N. 
33. 5 N. 
23.0 S. 
38. 6 N. 
5.t N. 

36. 9± S. 
13_t S. 
19.4 N. 
23. 4_t N.

14-t s! 
37.5 N. 

7. 7± S. 
38. 6 N. 
23. 1 N. 
18. 8± S. 
38.6 N. 
41. 9_t N. 
21. 3± S. 
5.5 S. 

17. 7± N. 
8.9.t N. 

34. 3 N.

53. 6 N. 
4_t S. 

25_t N. 
4. 9± N. 

31.8.t N.

4.4 N.

9.4 S. 
33 N. 
21 S. 
35 N. 
15.5 S. 
17. 5 N. 
25. 3.t N. 
20. 3± N.

38.t N. 
37. 0 N. 
37. 0 N. 
0.3 N.

49 2 N;
9.3.t N. 

33. 3_t N. 
17^-t S.

Longitude

117.5 W.

117.5 W. 
150_t E. 
113.5 W. 
120. 5 W. 
155± E. 
117.5 W. 
117.5 W. 
114.8 W. 
114.8 W. 

841/2 W. 
121.2 E.

161. 0_t E. 
114. 8 W. 
114.8 W. 
24. 0 W. 

119.0 W. 
24. 4 W. 

155. 6.t W. 
178. 3_t W. 
118 W. 
117.8 W. 
117.8 W. 
117.8 W. 
144-t E. 
116.6 W. 
66.2 W. 

117.8 W. 
100.t E. 
179. 2± E. 
168.t W. 
155. 1 W. 
121. 2_t E.

164± E. 
118.5 W. 
145. 5± E. 
117.8 W. 
143.1 E. 
68.8.t W. 

117.8 W. 
20. 4.t E. 

180± 
141.3 E. 
100. 8_t W. 
58. 7_t E. 

117.0 W.

108.8 E. 
139± E. 
94± E. 
82. 6± W. 

113. 8± W.

126.2 E.

123. 1 E. 
109 W. 
173 W. 
35 W. 

173.7 W. 
97. 9 W. 
86. 3± W. 
66. 1± W.

116± W. 
117.2 W. 
117. 2 W. 
125.4 E. 
172J.£± W. 
155 E. 
84.0.t W. 
92. 5± W. 
73W± W.
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Table 2. Summary of instrumental epicenters for 1939 Continued

1939

Do-   

Do-   ..

Do-
Do   

Do -   _.
June 27----..

July 1  ....
July 2    ..

Do--...-.
July3 ._.---
July 4... -__

Do  -_
Do----.,

July 5__ ___-_.
July 8_.   ...

Do..   _
July 10-   _
July 12  ...

Do   
July 13  ..
July 14 _-

Do.   -
July 15    

July 17   
Do-   _

July 20-----.

July 27   -

A -i-in 9

Do-----.
A iitr ^

Do    
Do  ....

Aug. 15.-. 
Aug. 16
Aug. 18
A.U2 19
Aug. 20___  __

Ana 91
Aiia- 99

Aug. 23--..-.
Aug. 25   

Aug. 27    
Do    

Sept.8   ...
Sept. 10     
Sept. 11.---.. 
Sept. 12    
Sept. 13     
Sept. 14...... 
Sept. 15  .__ 

Do-..-..

Do......
Do    

Universal 
(Greenwich 
civil) time 
at origin

h m 
11 28.5 
14 56.5 
19 19.6 
20 48.0 
23 56.3 

4 22.4 
13 02. 1 
16 27. 4 

1 09.6 
8 57.0 

23 04.3

11 32.3 
10 49.6 
16 52.5

19 42.9 
7 37.1 

10 49. 1

18 26.2 
21 44.5 
22 41 

2 37.9

21 31.8 
2 17.7 

20 08.4 
22 58.4 
17 05. 2 

8 31.8 
14 21 
3 56.2

6 58.5 
9 24.9 
3 26.6 
2 23.1

15 07. 6 
7 17.5 

23 27. 3

15 55. 9

0 46.5 
4 56.7 
2 28.2 
6 02 
2 07.4 
9 50 

19 41.1 
3 52.5 

17 07.1 
22 16 
0 47.5 
7 17.4

15 19.1 
0 06.4 
4 36.1 
3 48.3

8 26.8 
11 17.6 

8 58.8 
12 04.8 
17 46.0 

7 53.8 
12 06.3 
18 03.5 

9 01.1 
11 47.8 
14 25.6

21 49 
23 16.5

Region and focal depth

Near Mina, western Nevada. By Pasadena  _.

Gold Coast, British West Africa. Destructive.   
Off northwestern Lower California. By Pasadena.

Off northwestern Lower California. By Pasadena. 
   do...._ .... -------- .................

Probable epicenter. East of Mindanao, Philip 
pine Islands. By Manila.

North of Loyalty Islands. By Manila. Probably 
deeper than normal.

West of Tres Pinos, west central California. By 
Berkeley. 

Southern Bolivia. Depth 300 km     -._   .__.

Southeast of Fiji Islands. Depth probably 650 km. 
Probable epicenter. Western Argentina. Depth 

110km.

East of Commander Islands. Depth 100 km.. 

Probable epicenter. Northern Chile. Depth 
100km.

Probable epicenter. Southeast of Fiji Islands. 
Depth about 700 km.

Probable epicenter. East of Hokkaido Island, 
Japan. 

Off southwestern Kamchatka peninsula. Depth 
125 km.

Sou th of Kurile Island s . Depth probably 70 km _ .

.....do    -                 -   --     
Probable epicenter. South of Unimak Island, 

Alaska. Deep.

South of New Ireland Island. Depth probably 
100 km.

East of New Hebrides. Depth 100km.___   __ -
North of the New Hebrides. Depth 100 km  ...

Probable epicenter. South of Samoa. Depth 100 
km.

Northwestern Turkey. .-- - .__             ---

Coordinates of provisional 
epicenter

Latitude

38. 6 N. 
22 S. 
6.0± N. 

32. 0 N. 
25. 3± N. 
12H S. 
36.8 N. 
32. 0 N. 
32. 0 N. 
30 N. 
7.5 N.

29± S. 
19. 4 N. 
19. 5± S.

51. 9± N. 
44. 2± N. 
36. 7 N.

21. 4 S.
31. 7 N. 
22. 4± S. 
30± S.

12. 1± N. 
62. 5 N. 
43. 6± N. 
4. 2± S. 
26± N. 
53. 8± N. 
19.3 N. 
21± S.

33 N. 
36.9 N. 
48. 2± N. 
21.5 S.

7.5 S. 
7.3 S. 

43. 5± N.

51.4 N.

36 S. 
28 S. 
20. 5± S. 
11. 8± N. 
16. 6± S. 
44. 4± N. 
23. 1± S. 
22. 2± N. 
13± N. 
18. 2± S. 
18. 2± S. 
54 N.

52± N. 
37. 1 N. 
20± S. 
5.0 S.

32. 5 N. 
18. 7± S. 
12. 9± S. 
50. 8± N. 
34 N. 
53± N. 
29. 4± S. 
18. 2± S. 
13± N. 
21± S. 
17.5 S.

51. 9± N. 
40. 0± N.

Longitude

117.8 W. 
172 W. 

0.1 W. 
117.1 W. 
109. 2± W. 
72 W. 

121. 4 W. 
117.5 W. 
117.5 W. 
113 W. 
127 E.

46H± W. 
155. 3 W. 
168. 5± E.

178. 6± W. 
151. 3± E. 
121. 4 W.

65. 6 W. 
115. 1 W. 
179. 3± W. 
69± W.

88. 0± W. 
148 W. 
147. 4± E. 
138. 5± E. 
143± E. 
169. 1± E. 
155. 1 W. 
69± W.

109 W. 
121.7 W. 
130. 2± W. 
179 W.

107.0 W. 
107.2 E. 
146. 7± E.

155.9 E.

16 W. 
178 W. 
177± W. 

67. 2± W. 
168. 9± E. 
151. 2± E. 
68. 7± W. 
79. 1± W. 
90± W. 

168. 3± E. 
168. 4± E. 
164 W.

177± E. 
141.8 E. 
175± W. 
152. 7 E.

116.2 W. 
170. 1± E. 
166. 9± E. 
174. 7± E. 
116.4 W. 
163. 5± W. 
177. 9± W. 

69. 9± W. 
95± E. 

175± W. 
171.5 W.

174± E. 
29. 9± E.
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Table 2. Summary of instrumental epicenters for 1939 Continued

1939

Sept. 16___-_

Sept. 17.
Sept. 18.
Sept. 20_ 

Do__ 
Do- 
Do _

Sept. 21 _ 
Do _. 
Do__ 
Do__

Do_.
Do._
Do._
Do.
Do _ 

Sept. 22_
Do- 

Sept. 28 _ 
Oct. 1... 
Oct. 3 ._ 
Oct.4.__

Do._ 
Oct. 5 __ 
Oct. 7-_.

Do- 
Oct.9.__ 
Oct. 10-

Do__ 
Oct. 14 . 
Oct. 17 _

Do_.

Oct. 19 . 
Oct. 20 . 
Oct. 22-

Oct. 24. 
Oct. 26 . 

Do _ 
Oct. 27

Oct. 30 _ 
Do

Nov. 1

Nov. 4. _ 
Nov. 5 . _

Do_. 
Nov. 6 .

Do . 
Nov. 7 .

Do- 
Nov. 9 
Nov. 10

Do . 
Nov. 13. 
Nov. 15 
Nov. 17,

Do _ 
Nov. 18

Do . 
Nov. 21

Do
Do . 

Nov. 22 
Nov. 23- 
Nov. 24_ 
Nov. 26.

Universal 
(Greenwich 
civil) time 
at origin

h
7

19
20

0
2
6
7
9

11
11
12
13
13
13
20
21
22

0
23
14
10
13
12
22

4
20
23

2
18
18
6
6
8

11
20
14

14
0

21
1

13
22

0

fi
19

10
2

16
10
20
15
18
16
Hi
20

7
2
9

18
0
1
8

11
23

3
15
23

6

m
16.5

20.1
32.3
19.4
45.2
53.2
28.1
17.8
18.7
42.9
43.9
40.6
51.9
59.7
08.5
27.4
20.2
36.6
51.6
58.4
56.6
41.3
05.2
24. 1
55.fi
43.0
51.3
18
32. 1
50.8
02.4
22. 1
59.5

54
06. 1
39.8

43.5
57.5
25.3
36. 6

12.5
00.8

26.1

07.7
11. 7

15.0
02.2
14.4
15.6
5H. 5
44.0
52.1
06.4
49.9
20.9
45.9
53.8
01.6
39. 6
13.4
32. 8
48.9
01.7
40.8
28±
14 9
21.9
26.3

Region and focal depth

North of Halmahera Island, Netherlands East 
Indies. Depth 100 km.

West of Auckland Islands,.- .... . ... _.-_______

_.__do___. _________-_..___-__ .. - _...__._-,
-.-. do  ........-.--...._..... ____.___-__.

  do -______--__-_._..__._ __________
___._do_ _____________________________________
__._ do____. --_-__-_.__--.-____________.--___.
.... do __ --___________--____.-______-_.___

Southeast of Fiji Inlands. Depth 600 km _ ._ . __ 
Off northwestern Lower California. By Pasadena 
Upper Gulf of California. Depth normal _ 
Southern Bolivia. Depth 100 km±...- _..   _.__
Bancla Sea, Netherlands East Indies _____ 
Northern Chile. Depth 100 km. __.-___ ..... _
New Hebrides.  -..--.-__------_-.- ____ ______ ._ 
Off eastern Honshu Island, Japan. Depth 70 km.. 
Off eastern Honshu Island, Japan. Depth normal

New Hebrides. Depth 100 km _ .... ____________
Probable epicenter. New Hebrides. Depth prob 

ably 100km.

Off southeastern Hokkaido Island, Japan. Depth 
125km. 

Northern Sea of Japan. Depth 500 km __________

Southeastern Canada. By the N'ew P.npland 
Seismological Association . 

North of Ton (ra Islands. Depth 110 km _ . _ 
Probable epicenter. East of North Island. New 

Zealand. Depth normal. 
Probable epicenter. Upper Gulf of California. 

Bv Pasadena. 
Probable epicenter. New Hebrides . _ ... _._ . 
Probable epicenter. Northern Chile. Depth 

probably about 225 km.

Western Nevada. Bv Pasadena - . . . -___ 
Northern Lower California. By Pasadena . 
Probable epicenter. Off Southwestern Peru 2 . ... 
Probable enicenter. Haiti. ... . ________ 
Southern California. By Pasadena _ ... .__ _ 
West of Guam. Deeper than normal . . _____ 
West of Auckland Islands. Depth normal ..... 
Eastern New Guinea .._.   .   __ . _ . __   
Northwestern Washington. Depth normal .... 
Southern Mew Jersey .... .... . .... 
Solomon I=lands. Depth probably 110 km ...... 
South of Fiji Islands. Depth about 600 km 
West of Fiji Islands .. _ .__ ... 
Southern Kamchatka Peninsula. Depth 60 km__. 
Northeastern Turkey. Depth normal . _ 
Hindu Kush, Afghanistan. Depth about 215 km.

Northern Peru. Depth about 12.1 km. ...... _.....

Coordinates of provisional 
epicenter

Latitude

3.2 N.

51. 5± S. 
58 N. 
37. 6 N. 
36.4 N. 
11.4 S. 
51. 3± S. 
37 N. 
544= N. 
54± N. 
55 N. 
29. 8± N. 
29.84= N.
29. 8± N.
29. 8± N. 
29. 8± N. 
29. 8± N. 
38. 8± N. 
29. 8± N. 
15. 0± N. 
33± S. 
18. 0± S. 
30 N. 
30. 9± N. 
22± S. 

6. 5± S. 
18. 5± S. 
18.8± S. 
38. 5± N. 
38. 1± N. 
10. 7± N. 
14.7 S. 
15 S.

47.4 N. 
7.5± N. 

41.7 N.

41.1 N. 
0. 4 S.

31. 8± S. 
48 N.

17.0 S. 
38± S.

30± N.

17± S. 
24± S.

31 N. 
7 N. 

38 N. 
31.7 N.
11 S. 
18. 7± N. 
33. 9 N. 
13 N. 
51. 9± S. 
9.2 S. 

47. 4 N. 
39. 6 N. 
6.04= S. 

20. 3± S. 
17. 2± S. 
50. 9± NT. 
39. 9± N. 
36. fi± N 
36. 5 N.

38. 5 N.
11. 4± S. 
7.9± S.

Longitude

128.0 E.

163± E. 
13fi W. 
20.6 E. 

121.0 W. 
76.3 W. 

163. 5± E. 
117 W. 
354: W. 
35± W. 
34 W. 

114.0± W. 
114. 0± W. 
114. 0± W. 
114. 0± W. 
114.0,-t W. 
114. 0± W. 
26. 8± E. 

114.04= W. 
91. 7± W. 
68± W. 

178.4± W. 
117 W. 
113. 7± W. 
67± W. 

128. 4± E. 
69. 3± W. 

169. 8± E. 
141.64: E. 
141.94. E. 
63.84= W. 

167.0 E. 
168 E.

69.8 W. 
83=fc W. 

144.3 E.

132.9 E. 
18.2 W. 

178.04= W. 
70.4 W.

173.5 W. 
1754= W.

1144= W.

1694= E. 
70± W.

51.5 E. 
34 W. 

118 AV. 
115.1 W. 
77 \V. 
72. 2± W. 

117.3 W. 
143 E. 
11.0.34= E. 
148.7 E. 
122.0 W. 
75.2 W. 

15=5. 1± E. 
178. 7± E. 
175.74= E. 
1584= E. 

39. 44= E. 
71.54= E. 

115.0 W.

89.9 W 
179.4± W. 

75. 6± W.

' Alternative solution, 20h 58.2m, 11.5° S., 73.1° W.
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Table 2. Summary of instrumental epicenters for 1939 Continued

1939

Nov. 28......
Nov. 29.. _ .

Do.......

Dec. 5....... 
DO-
Do   

Dcc. 7.......
Dec. 10 ....

Dec. 11.  .

Dec. 12.......
Dec. 13 ......

Dec 14
Do.......

Dec. 16.......
Do. ...
Do.......

Dec. 17  

Dec. IS   
Do    ..

DP.C. 19.......
Dec. 20.......

Do .-.._.

Dec. 21......

Do  ...
Do.......

Do....... 
Dec. 23.......

Do.......
Dec. 21... ....

Do    .

Do ...-

Doc. 25.......
Do.......

Do... ... .

Do-
Do.  

Dec. 2<i   
Do-
Do   

Dec 27
Do-..-..

Do --.

Dec. 29     

Dec. SO.......

Dec. 31... ....

Do..    .

Universal 
(Greenwich 
civil) time 
at origin

h m 
2 09.8 
4 30.0 
6 42.8

6 33.7

13 05.1 
23 54.8 

8 30.2 
17 33.8 
17 51.8 
18 00

11 16.4 
3 20.6

10 42±

2 50.3 
18 45.2

12 17.4 
13 17 4 
10 46. 5 
14 10. 1 
17 55.6

7 48.6

0 2^.4 
10 21.8 
19 49. 5 
13 01.2

18 15.1 

1 45.6

20 54.8 
21 00.fi 
4 44.0 
6 59.0 
8 03.1

17 11.1 
18 53.4

22 26.4 

23 45.7

12 52.8 
16 23.1

20 56.1

22 22.9 
23 06.2

11 55.2 
21 49. 8 
23 57 4 

3 02. fi 
19 23. 8 

3 25.4 
12 15.fi

17 27.4 

5 00. 7 

6 52.9 

15 12.7

Region and focal depth

Outer Santa Barbara Channel, California. By 
Pasadena. 

Southeast of Tonga Islands. Probable epicenter. 
Depth normal.

Off Northwestern California. Depth normal..... 
Southwestern Guatemala. Depth normal..... ...

Probable epicenter. Off east3rn Honshu Island, 
Japan. By Osaka. 

Aleutian Islands. Depth probablv about 100km_. 
Probahle epicenter. Northwest of Tonga Islands. 

Depth about 250 km. 
Probable epirenter. Off Southwestern Peru. 

Denth probably about 150 km.

Probable epicenter. Southern Peru. Depth prob 
ably about ion km.

East of Hokkaido Island, Japan. Depth 75 km ....

Probable epicenter. Lower Gulf of California. 
Depth normal. 

Probable epicenter. Off western Timor Islands. 
Depth normal. 

New Hebrides. Depth normal.....   . ._.   .

OfT western Nicarasua. Depth normal. ----------
Off western Celebes. Depth probably about 650 

km. 
East of Honshu Island, Japan. By Osaka. Depth 

normal. 
Probable epicenter. Southwest of Liberia. Depth 

normal.

Probable epicenter. Off southwestern Costa Rica. 
Depth norrml. 

Off southern Costa Rica. Depth normal ...     
Probable: epicenter. South of Puerto Rico. Depth 

normal. 
Probable epicenter. Northwestern Brazil. Depth 

normal. 
Southern California, near Olive. By Pasadena. 

Depth normal.

Probable epicenter. South of New Britain Island. 
Depth apparently shallow. 

East of the Celebes. Depth probably about 125 
km.

Probable epicenter. Northwestern Peru. Depth 
normal.

Western California, near Parkfield. By Pasadena. 
Depth normal. 

Probable, epicenter. Western Nicaragua. Depth 
normal. 

Southern California. By Pasadena. Depth 
normal. 

Off eastern Honshu Island, Japan. By Osaka. 
Depth normal. 

Southern California. By Pasadena. Depth 
normal.

Coordinates of provisional 
epicenter

Latitude

o
9.7± N. 

24± N. 
33.7 N.

20*6 S.

36. 4 N. 
41 ± N. 
14. 7± N. 
33. 2 N. 
12.7 N. 
37. 7 N.

51. 5± N. 
17. 5± S.

15± S.

15.5± N. 
16 S.

31.7 N. 
33. 2 N.
43. fi N.

23± N. 

9± S.

15.0 S. 
fi± R. 

12. 4 N. 
1. 5± S.

3?.9i N. 

4± S.

9.7 N. 
0. 1± N. 
9. 3 N. 

32. 2 N. 
9± N.

9.6± N. 
14 N.

4± S. 

33. 8 N.

52± N. 
7 S.

0. 5± S.

1± N. 
5± S.

13. 4± N. 
9.3± N. 

39. 1 N.
3.3 S. 

33. 8 N. 
40± N. 
35. 8 N.

13 N. 

35. 8 N. 

35. G± N. 

33. 4 N.

Longitude

o
77 6± W. 

111± W. 
119.5 W,

171 W.

118 W. 
130± W. 
91. 9± W. 

116.4 W. 
88. 8 W. 

141.8 E.

179± W. 
176± W.

77± W.

91. 8± W. 
71 W.

115.1 \V. 
116.4 W. 
147. 7 E. 
147. 7i E. 
109± \V.

121-Jb E.

IfiS. 1 E. 
150* E. 
87. 8 W. 

119± E.

142. 1± E. 

15± W.

85. 2 W. 
122. 9± E. 

84. 9 W. 
113.8 W. 
8fi± W.

85. 0± W. 
65 W.

65± W. 

117.8 W.

32± W. 
151.5 E.

123. 5± E.

127± E. 
80± W.

88. 3± W. 
85. 0± W. 
39.2 E.

134.8 E. 
118.1 W. 
37± E. 

120.3 W.

86 \V. 

117.0 W. 

140. 8± E. 

115.6 W.
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STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932, the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in 
the scismically active regions of the country to obtain data needed 
in the design of earthquake-resisting structures. Notes pertinent to 
the development of this program will be found in the six preceding 
issues of this scries, Serials 579, 593, 600, 610, 619, and 629, and in 
Special Publication 201, "Earthquake Investigations in California, 
1934-35." Material in the "United States Earthquakes" series is 
restricted to the analysis of strong-motion seismograph records. 
Special Publication 201 is much broader in scope, containing data on 
structural and ground vibration and detailed descriptions of the 
various activities which comprise the seismological program as a whole. 
The reader is also referred to Special Publication 206, "Selection, In 
stallation, and Operation of Seismographs," for descriptive material 
on strong-motion instruments and vibration meters in addition to 
similar information on teleseismic instruments.

Interpretation of records. The following analyses are based on 
the assumption of simple harmonic motion. This refers especially 
to the computation of displacement from accclerograph records. As 
most accelerograph records are of irregular character, and the charac 
ter of the longer-period waves is often obscured by the superposing of 
shorter-period waves of relatively large amplitude, the estimates of 
displacement must be considered as only approximate. One must 
refer to the illustrations of the curves themselves to evaluate the 
probable accuracy of the estimated displacements.

The reader is referred to Serial 610 for further comments on the 
interpretation of strong-motion seismograph records, especially with 
reference to the use and evaluation of integration methods. The El 
Centre earthquake of May 18, 1940, is being subjected to this type of 
analysis; other strong-motion projects are being delayed for the com 
pletion of this report.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimeters per second 
for velocity; and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the ac 
celeration of gravity, indicated by "g," which is equal to 980 cm/sec.2 
For practical purposes it is only necessary to point off three decimal 
places to convert cm/sec. 2 to "g."

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light spot, in centimeters for a constant acceleration of ]00 
cm/sec.2 This means that the seismometer pendulum is tilted side 
ways until the effective component of the earth's gravitational field 
is equal to 100 cm/sec.2 , or practically 0.1 g.

The following are constants which may be used in converting c. g. s. 
units to the customary English units:

1 cm = 0.3937 in. = 0.03281 foot.
1 cm/sec. = 0.03281 ft./sec.
1 cm/sec. 2 -0.03281 ft./sec.2 .
1 cm  10 mm.
0.1 g=98 cm/sec. 2 = 3.215 ft./sec.2 .
1 (statute) mile= 1.609 km.
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Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping forces alone.

Seismogram illustrations. Reproductions of seismograms are 
usually tracings of the original record and must not he accepted as 
genuine copies. The illustrations are intended to show the nature of 
the data rather than furnish a means through which the reader can 
make his own measurements. It is realized that the slightest varia 
tions in the copy can easily lead to misleading conclusions. Those who 
desire true copies for critical study should address the Director of the 
Bureau for further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings appearing in this publication are reduced so that if the 
constants are applied to them a correction will be necessary because 
of the reduction. The reductions are approximately in the ratio of 
1.7 to 1.

Table 3. List of shocks recorded and records obtained on strong-motion
seismographs in 1939

Date, epicenter, and recording station

Mar. 21: Imperial Valley: El Centro._.--..._ _-.-...
Mar. 24: Imperial Valley: E! Centro..----._-------..
May!: San Diego County: San Diego...-..- .....
May 4: Near Boulder Dam:

Boulder Dam, 121.5 Gallery___....._.-.-.
Boulder Dam, intake tower.-..__-. ....
Boulder Dam, oil house .._.--_- ... ....

May 11: Western Nevada: Hawthorne..------.. ....
June 22: Northern California: Ferndale........... ..
June 24: San Diego County: Ran Diego....... . ..
Dec. 27: Southern California:

Holl>\vood Storage Co. Bids;............
Long Bearh. ._. ..... .. ......... .
Los Angelas, Chamber of Coimner Bldg.
[.os Angeles, Subway Terminal Bide ...
Vernon ............ ._...._-.__.._._.-.

Records

Total

Accelero- 
graph

Displace 
ment meter

NOTES ON STRONG-MOTION SEISMOC'RAPH RECORDS

The practice of attempting to describe the seismograms in detail 
in the text is believed to be rather superfluous because the outstanding 
periods are listed in tables, such as table 4 in this issue, and the illus 
trations provide a far better picture of the records than can be obtained 
in any other way. The following notes will therefore contain only 
such information on the earthquakes and the records which may not 
be evident from table 4 or from the illustrations. For convenience 
certain fundamental information on the earthquakes will be repeated 
from the noninstrumental part of the publication.

The records have been given a second reading and some differences 
will therefore be noted from the preliminary figures which appeared 
in the Progress Reports for the same period. It is well to repeat here 
that, as the measurement of periods on records of this nature is de 
pendent largely on the judgment of the person reading them, con 
siderable latitude must be allowed in appraising their accuracy. The
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aim of such analyses is primarily to give a fair picture of the magni 
tudes of the various elements involved, and the figures tabulated 
should therefore not be used for important studies without first 
referring to the illustrations for an idea of the nature of the original 
records.

IMPERIAL VALLEY EARTHQUAKE OF MARCH 21

Epicenter in the Imperial Valley slightly south of the border. 
Maximum intensity in the United States was IV to V in the neighbor 
hood of El Centro. Felt over an area of about 350 square miles in 
the United States. (Mexican area unknown.) Recorded on the 
accelerograph at El Centro.

El Centro. Figure 8. Station about 24 miles N. 7° E. of epicenter. 
Motion fairly regular on all components, strongest on the horizontals, 
which showed a maximum acceleration of about 26 cm/sec. 2

IMPERIAL VALLEY EARTHQUAKE OF MARCH 24

Epicenter in the Imperial Valley slightly south of the border. 
Maximum intensity in the United States was IV to V in the neighbor 
hood of El Centro. Felt over an area of about 350 square miles in 
the United States. Recorded on the accelerograph at El Centro.

El Centro. Figure 8. Station about 24 miles N. 7° E. of epicenter. 
Accelerogram similar to that of the preceding earthquake.

SAN DIEGO COUNTY EARTHQUAKE OF MAY 1

Epicenter about 32 miles off northern Lower California. Maximum 
intensity about VI. Felt over a land area of about 1,400 square miles 
in southwestern San Diego County. Recorded on the accelerograph 
at San Diego.

San Diego. Figure 8. Station about 53 miles N. 23° E. of epi 
center. Intensity about V at San Diego. Maximum acceleration 
about 3 cm/sec.2 on the north-south component.

EAP.THQUAKE OF MAY 4 NEAR BOULDER DAM

Epicenter probably slightly west of Boulder Dam. Maximum 
intensity about VI, at Boulder Dam and neighboring towns. Felt 
strongly over an area of about 7,400 square miles; area of percepti 
bility would have been greater in a less sparsely settled region. 
Recorded on the three accelerographs at Boulder Dam.

Boulder Dam.  Figure 9. Station about 4 miles approximately N. 
72° E. of epicenter. Intensity about VI at Boulder Dam. The 
accelerograms show the short period motions characteristic of local 
earthquakes. The motion at the oil house was less than at the 1215 
gallery and the intake tower, the maximum acceleration recorded 
being about 43 cm/sec. 2 on the vertical component at the intake tower.

WESTERN NEVADA EARTHQUAKE OF MAY 11

Epicenter near Mina, Nev. Maximum intensity about VI in the 
vicinity ol Rawhide, Nev. Felt over an area of approximately 38,000 
square miles in California and western Nevada. Recorded on the 
accelerograph at Hawthorne, Nev.
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Hawthorne, Nev. Figure 8. Station about 42 miles S. 85° W. of 
epicenter. Intensity about IV at Hawthorne. The horizontal com 
ponents show considerably more motion than the vertical, the maxi 
mum acceleration being about 8 cm/sec.2

NORTHERN CALIFORNIA EARTHQUAKE OF JUNE 22

Epicenter off Cape Mendocino. Maximum intensity on land 
approximately V, at Upper Mattole. Land area about 1,000 square 
miles. Recorded on the accelerograph at Ferndale.

Ferndale. Figure 9. Station to the east of the epicenter, distance 
and direction not accurately known. Intensity IV+ at Ferndale. 
Motion fairly regular on the accelerogram, and of maximum amplitude 
about 15 cm/sec. 2 on the southwest component.

SAN DIEGO COUNTY EARTHQUAKE OF JUNE 24

Epicenter about 32 miles off northern Lower California. Maximum 
intensity about IV. Recorded on the accelerograph at San Diego.

San Diego. Figure 9. Station about 53 miles N. 23° E. of epi 
center. Intensity about III at San Diego. Motion rather irregular 
on the accelerogram and of maximum amplitude about 5 cm/sec. 2 on 
the north-south component. Accelerogram rather similar to that of 
May 1.

SOUTHERN CALIFORNIA EARTHQUAKE OF DECEMBER 27

Epicenter near Long Beach. Maximum intensity about VI at 
Long Beach and Huntington Park. Felt over a land area of about 
2.500 square miles in the vicinity of Los Angeles. Recorded on the 
accelerographs at Long Beach, Vernon, Los Angeles Chamber of 
Commerce, Los Angeles Subway Terminal, and Hollywood, and on 
the displacement meter at the Los Angeles Subway Terminal.

Long Beach. Figure 12. Station about 3 miles S. 75° W. of 
epicenter. Intensity about VI at Long Beach; minor damage. 
Maximum acceleration about 14 cm/sec.2 on the east-west com 
ponent.

Vernon. Figure 12. Station 15 miles N. 16° W. of epicenter. 
Intensity about V at Vernon. Vertical component shows shorter 
period and more regular motion than the horizontals. Maximum 
acceleration about 9 cm/sec.-

Los Angeles Chamber of Commerce. Figure 12. Station about 19 
miles N. 22° W. of epicenter. Intensity about V at Los Angeles. On 
the basement accelerogram the motion is rather irregular except on 
the vertical component, which shows a number of waves of period 0.15 
sec. On the eleventh-floor accelerogram the vertical component 
shows regular motion of the same period, the horizontal components 
again being comparatively irregular.

Los Angeles Subway Terminal. Figure 11. Station about 20 miles 
N. 20° W. of epicenter. Intensity about V at Los Angeles. The 
basement accelerogram and displacement meter records show small 
activity of an irregular character except on the vertical accelerogram. 
The thirteenth-floor accelerogram] shows considerably more motion, 
irregular on the southwest component but comparatively regular on 
the others.
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Hollywood Storage Co. Figure 10. Station about 24 miles N. 29° 
W. of epicenter. Intensity IV-V at Hollywood. The seismograph 
on the adjoining lot and that in the basement of the storage building 
agree in showing slight motion of irregular character. The motion 
recorded in the penthouse is stronger and of comparatively long 
period, and is rather irregular except on the east-west component.

Table 4. Summary of strong-motion seismograph data for the year 1939

SEE THE TEXT PRECEDING THIS TAP.LE FOR ADDITIONAL DETAILS. SIMPLE HARMONIC MOTION IS ASSUMED 
\VI1EN COMPUTING DISPLACEMENT FKOM AN ACCELEROGRAM AND WHEN COMPUTING ACCELERATION FROM 
A DISPLACEMENT-METER RECORD

IMPERIAL VALLEY EARTHQUAKE OF MAR. 21

Station and component

El Ontro accelerogrcph: 
Vertical----..---.---.-... _ _

North-south......... _ .....

East-west............... _ ..

Earth-
wave

period

Seconds 
0.20

0.12

0. 11
0.10
0.09
0.08
0.08
0.07
0.07

0.21
0.20
0.20

0. 19
0.16
0. 13
0. 12
0.12
0.09
0.09
0.08
0.29
0.22
0.21
0.20
0.17
0. 17
0. 12
0. 10
0.08

Maximum
accek-ra-

tion

Cm/sec. 2 
6

8

9
2

10
15
8

11
2

24
10

C

G
9
7

16
10
16
4

15
6
5
8

20
12
6
P±

26
2

Maximum
displace

ment

Cm 
0.006

0.003

0.003
0.001-
0.002
0.002
0.001
0.001
0.001-

0.027
0.010
0. C06

0.006
0. 006
0.003
o. one
0.004
0.003
0.001
0.002
0.013
0.006
0.009
0.020
0.009
0.004
0.002
0.007
0.001-

Remarks

Short period waves far-out 0.1
sec.) superposed on these.

Single wave influenced by one of 
slightly different period.

Irregular waves.

Regular waves.
First waves recorded. Regular.
A series of small rather regular

waves.

Uncertain   irregular recording-
drum motion.

Irregular wave.

Short scries of waves.

Single wave.

Irregular waves.

Regular waves.
Scries of pmrll waves superposed

on long period waves.

IMPERIAL VALLEY EARTHQUAKE OP MAR. 24

El Centre nccclerograph:
Vertical. --_---..---....--...-

North-south........... ......

0.20
0.20
0. 19
0. 18
0. 15
0. 15
0.13
0. 12
0. 10
0:25
0. 19
0. 15
0. 15
0 15
0 15
0. 13
0.13
0.12
0.11

8
4
6
8

14
8
8
5
5

21
16
20
17
30
6

12
9

46
6

0.008
0.004
0.005
0.007
0.008
O.OC5
0.003
0.002
0.001
0.034
0.015
o on
0 O'O
O.OOfi
0 003
0.005
0.004
0.017
0.002

Irregular wave.

Do.
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Table 4. Summary of strong-motion seismograph data for the year 1939-
Continued

IMPERIAL VALLEY EARTHQUAKE OP MAR. 24  Continued

Station and component

El Contro accelerograph  Con.

Earth- 
wave 
period

Seconds 
0.30
0.25 
0.22 
0.20 
0.19 
0.15 
0.13 
0.13 
0.11 
0.10 
0.10

Maximum 
accelera 

tion

Cm/sec. 1 
4
9 

16 
7 
7 
8 

11 
6 

19 
17 

3

Maximum 
displace 

ment

Cm 
0.01
0.014 
0.019 
0.007 
0.006 
0.005 
0.005 
0.003 
0.006 
0.004 
0.001

Remarks

Regular waves.

SAN DIEGO COUNTY EARTHQUAKE OP MAY 1

San Diego acceleropraph:

South-north...... ___ ....

0.23 
0.20 
0.1± 
0.36 
0.20 
0.16 
0.26 
0.20 
0.15

2 
2 
1 
2 
2 
2 
2 
1 
3

0.003 
0.002 
0. 001± 
0.005 
0.002 
0.001 
0.004 
0.001 
0.002

At start of the record. 
Scattered. 
Few waves. 
Indefinite. 
Few waves. 
Many waves. 
Scattered. 
Few waves. 
Near start.

EARTHQUAKE OP MAY 4 NEAR BOULDER DAM

Boulder Dam, 1215 Gallery 
accelerograph:

Boulder Dam, intake-tower ac- 
celero^raph:

Boulder Dam, oil-house aecelero- 
graph-

0.14 
0.10 
0.08 
0.19 
0.10 
0.20 
0 15 
0.10 
0.08

0.30 
0.103 
0.095 
0.28 
0.11 
0.095 
0.26 
0.095 
0.08

0.36 
0.20 
0.10 
0.28 
0 20 
0.17 
0.10 
0.35 
0. 10».,,

12 
6 
8 

15 
13 
34 
9 

11

2 
5 

43 
16 
4 

20 
24 
28 

2

2 
3 
6 
2 

16 
2 
4 
2 
18 
2

0.006 
0.002 
0.001 
0.014 
0.003 
0.035 
0.005 
0.003

0.003 
0.001 
0.010 
0.030 
0. 001+ 
0.005 
O.OU 
0.006 
0. 001-

0.007 
0.003 
0.002- 
0.003 
0. 016 
0 001 
0 001 
0.005 
0.012 
0.001-

Complex motion.

Dominant period. 
Dominant. 
Many waves. 
Parasitics. 

Do.

Weak. 
In latter part of record. 
Dominant. 
At end of record. 
Few waves. 
At start of record. 
Dominant. 
Complex. 
Few waves.

Weak. 
Few waves. 

Do. 
Weak. 
Outstanding. 
Few waves. 

Do. 
Weak. 
Outstanding 
Few waves.
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Table 4. Summary of strong-motion seismograph data for the year 1939 
Continued

WESTERN NEVADA EARTHQUAKE OF MAY 11

Station and component

Hawthorne accelerograph: 
Vertical

Earth- 
wave 
period

Seconds 
0.20
0. 14± 
0.06 
0.50
0.40 
0. 32± 
0. 09± 
0.32
0. 11± 
0.09

Maximum 
accelera 

tion

Cm/sec.* 
2
2± 
1 
2
4
8± 
2± 
5
5± 
7

Maximum 
displace 

ment

Cm 
0.002
O.OOli 
O.C01- 
0.013
0.016 
0.021± 
O.OOli 
0.013
0. 002± 
0.001

Remarks

Many waves. 
Few waves. 
At the end of the record.
Few. 
Scattered. 
Many waves. 
Outstanding.
Many waves. 
Outstanding.

NORTHERN CALIFORNIA EARTHQUAKE OF JUNE 22

Ferndale accelerograph:
0.32
0.24 
0. 20 
0.42
0.26 
0.20 
0.10

0.36 
0.22

6
6 
4 
?
3

15 
2

7 
12

0.016
0.008 
0.004

0.004 
0.015 
0. 001- 
0.009
0.024 
0.014

Few waves.
Do. 
Do.

In the end part of the record. 

Few waves.

Few waves. 
At the start or the record.

SAN DIEGO COUNTY EARTHQUAKE OF JUNE 24

San Diego accelerograph: 
Vertical...................... 0.26 

0.21 
0.11 
0.40 
0.32 
0.30 
0.25 
0.15 
0.38 
0.31 
0.26 
0.11

1 
2 
1 
2 
4 
3 
1 
1 
2 
5 
2 
1

0.002 
0.002 
0.001- 
0.006 
0.012 
0.006 
0.002 
0.001 
0.007 
0.013 
0.003 
0.001-

Many waves. 
Few waves. 

Do.

Do. 
One group of waves.

Few waves. 
Do.

SOUTHERN CALIFORNIA EARTHQUAKE OF DEC. 27

Long Beach accelerograph:

Vernon accelerograph :

0.35? 
0.20 
0. 14 
0.10 
0.09 
0.30 
0.20 
0.14 
0.40± 
0. 27± 
0.21 
0. 10

0.32 
0. 11

0.40 
0.23 
0.12 
0.35 
0.22 
0.13

2 
5 
8 
8 
4 

10 
11 
3 
7 

12 
14 
6

2 
5

2 
8 
6 
5 
9 
1

0. 006? 
0.005 
0.004 
0.002 
0.001 
0.023 
0.011 
0.001 
0. 028± 
0. 023± 
0.016 
0.001

0.005 
0.002

0.008 
0.010 
0.002 
0.015 
0.011 
0.001-

Weak. 
Few wave?. 
Single wave. 
Long train of waves. 
Train or waves. 
Single wave. 
Several waves. 
Weak.

Train of waves.

Several waves. 
Train of waves.

.Weak.

Several waves. 
Irregular. 
One wave. 
Few waves.



50 U. S. COAST AND GEODETIC SURVEY

Table 4. Summary of strong-motion seismograph data for the year 1939 
Continued

SOUTHERN CALIFORNIA EARTHQUAKE OF DEC. 27  Continued

Station and component

Los Anpolos Chamber of Com 
merce Bldg., basement acceler- 
ogranh :

S. 50° E.-N. 50° W ___ .....

S. 40° W.-N. 40° E ___ .....

Los Angeles Chamber of Com 
merce Tilde., eleventh-floor 
accelerosrraph:

S ^n0 w -NT an0 v

N. 50° W.-S. 50° E.....   ...

Hollvwoo<l Storage Co. Bide., ac- 
cclfroeraph on adjoining lot:

Hollywood Storage Co. Bldg., 
basement, accelerograph:

Hollywood Storaee Co. Bldg., 
penthouse accelerograph:

Los Angeles Subway Terminal, 
basement accelerograph:

S. 51° E.-N. 51° W..     

S. 39° W.-N. 39° E......  -

Los Angeles Subway Terminal, 
basement displacement meter.

Los Angeles Subway Terminal, 
thirteenth-floor accelerograph:

S. 39° W.-N. 39° E  ...-.--

N. 51° W.-S. 51° E    -----

Earth- 
wave 
period

Second* 
0.1.5 
0.09 
0. .55? 
0.1.5 
0.10 
0.17 
0.12

0.15 
0.35 
0.30 
0.14 
1.05 
0.32 
O.?fi 
0.20 
0.13

0.40 
0.33 
0.45

0. f.O 
0.30 
0. .50 
0.29

0.42 
0.10 
1.25 
0.70 
0.35 
0.12 
0.50 
0.11 
0.11

0.25 
0.10 
0.31 
0.12 
0.3R 
0.10

0.35 
0.13 
0.70 
0.12 
O.R2 
0.30 
0.15

Maximum 
accelera 

tion

Cm/sec.* 
3 
1 
2 
4 
1 
2 
5

9 
5 
7 
1 
3 
7 

10 
5 
1

1
1 
2

1 
2 
2 
2

2 
1 
5 
5 
4 
1 
2 
3 
1

2 
2 
2 
1 
2 
1

1 
5 
6 
2 
5 
2 
7

Maximum 
displace 

ment

Cm 
0 002 
0. 001 - 
0.015? 
0.002 
0 001- 
0 002 
0.002

0.005 
0 016 
0. OIR 
0. 001 - 
0.0«3 
0.018 
0.016 
0.005 
0.001-

0 004 
0 OOt 
0.009

0. OOfi 
0.003 
0.014 
0.004

O.OOS 
0 001- 
0.20 
0. 0<>)2 
0.011 
0.001- 
0.015 
0.001- 
0.001-

0.002 
0.001 
0.005 
0. 001 - 
0 007 
0.001-

0.003 
0.002 
0.075 
0.001 
0.0.50 
0. 005 
0.004

Remarks

Several waves. 

Do. 

Single wave at start.

Several trains. 
Scattered waves. 

Do. 
Few waves.

Single waves at start. 
Few waves.

Feeble motion. 
Irregular.

Weak.

Several waves.

Train of waves. 
Few waves. 
Weak. 
Long trains of waves.

Few waves.

Feeble. 
Train of waves.

Few waves. 
Train of waves. 
Weak record. A few waves 

appear of about 0.8 to 1 second 
perio.l. with amplitude 0.04- 
0.05 cm.

Weak and irregular. 
Train of waves.
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Table 5. Instrumental constants of strong-motion seismographs in 1939

IMPERIAL VALLEY EARTHQUAKE OF MAR. 21

Station and instrument

El Central accelcrograph _ ..........

Orientation of 
instrument '

Up-Down.... .. ....... 
N.-S ...............
E.-W.................

Pendu 
lum 

period

Sec. 
0. 007 
0.100
0.101

Static 
magnifi 
cation

115 
104
109

Sensi 
tivity 2

Cm 
2.74 
2.63
2.81

Damp 
ing 

ratio

8
7
8

Instru 
ment 
No.

V-55 
L-56
T-57

IMPERIAL VALLEY EARTHQUAKE OF MAR. 24

N.-S..................
E.-W.........   -...

0.09G
0. 100
0.100

115
104
109

2.G8
2.fi3
2.76

8
7.5
7.5

V-55
L-56
T-57

SAN DIEGO COUNTY EARTHQUAKE OF MAY'1

E.-W...... ...........
S.-N........  .......

0 096
0.099
0.100

104
100
111

2.43
2.63
2.81

9
10
9

V-70
L-71
T-72

EARTHQUAKE OF MAY 4 NEAR BOULDER DAM

Boulder Dam:

SE.-NW.... ..........
SW.-NE.... ..........

NW.-SE..............
NE.-SW..............

NW.-SE..............
NE.-SW  ...........

0.102
0.101
0.102
0. OS9
0. OG9
0. OS9 
0. 104
0.100
0.101

78
77
75
84
92
74 
87
82
78

2 05
1.99
1.K7
2.08
2.28
1.84 
2.38
2.07
2.01

11
12
14
8

10
10 
12
9
5

V-142
L-140
T-141
V-145B
L-143B
T-144B 
V-148
L-140
T-147

WESTERN NEVADA EARTHQUAKE OF MAY 11

N.-S..................
E.-W..  ........ ....

0.096
O.OS9
0.096

100
100
115

2.33
2.48
2.68

12
11
8

V-14
L-35
T-31

NORTHERN CALIFORNIA EARTHQUAKE OF JUNE 22

Ferndale accelcrograph--.. ___ ..... U^-Down.... .........
SW.-NE..............
NW.-SE..............

0.097 
0.09 
0. 10 «

102
114
108

2.42 
2.82 
^.7

V-10
L-4
T-15

SAN DIEGO COUNTY EARTHQUAKE OF JUNE 24

E.-W..... ............
S.-N.... ...... ........

0. 096
0.100
0.100

104
100
111

2.43
2.C8
2.81

8
10
10

V-70
L-71
T-72

1 The direction on the left (up in the flrst case) indicates the direction of pendulum displacement, relative 
to instrument pier, which will displace the trace upward on the original seismograrn.

2 The sensitivity is the number nf centimeters on the seismogram that corresponds to 100 cm/sen. 2 of 
acceleration. The deflection corresponding to 1/10 gravity may be obtained by multiplying the sensitivity 
tabulated by0.98. (Seep.43.)

3 Instruments at these stations are wired to start simultaneously. 
* Period not known precisely.
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Table 5. Instrumental constants of strong-motion seismographs in
1939 Continued

SOUTHERN CALIFORNIA EARTHQUAKE OP DEC. 27

Station and instrument

LOR Angeles, Chamber of Commerce 
Bldg.:

Hollywood Storage Co. Bldg.:

Los Angeles Subway Terminal:

Orientation of 
instrument

N.-S---. ... .   .   -.
E.-W. ................

S.-N... ...............
\V.-E. ................

S. 50° E.-N. .10° W.___ 
S. 40° W.-N. 40° E._._

S. 40° W.-N. 40° E.... 
N. 50° W.-S. 50' E-._

E.-W.................
P.-N ...............

E.-W.. ...............
R.-N.... ..............

S.-N ................
W.-E-.. ..............

S. 51° E.-N. 51° W..._ 
S. 39° W.-N. 39° E.  
N. 39° E.-S.390 W__..
S. 51° E.-N. 51° W....

S. 39° W.-N. 39° E.... 
N. 51° W.-S. 51° E-...

Pendu 
lum 

period

.Sec. 
0.098
0. 100
0.096
0.100
0.100
0.097

0.100
0.101 
0.098 
0. 100
0.098 
0.100

0.100
0.102
0.099
0.099
0.099
0.100
0.098
0. 105
0.101

0.100
0.098 
O.C98 

10.2
10.0
0.101
0.101 
0.10

Static 
magnifi 
cation

102
105

106
107
107

105
114 
104 
109
117 
109

83.7
80. 7
85.5
81.4
79.5
82.9
79.7
81.7

74
80 
82 

1.14
1.14
81
84 
82

Sensi 
tivity

Cm 
2.48
2.60
2.47
2.68
2.71
2.55

2.66
2.94 
2.53
2.76
2.84 
2.76

2.15
2.20
2.00
2.12
2.02
1.99
2.02
2.22
?. 11

1.87
1.94 
1.99

2.09
2.17 
2.1

Damp- 
ins; 

ratio

10
10
9
8
8
8

10
10 
8 

10
10

8

10
10
10
7.5

12
10
9

11
10

9
10 
10 
9

10
10
8 

11

Instru 
ment 
No.

V-7
L-2
T-17
V-66
L-64
L-65

V-28
L-9 
T-26 
V-25
L-3 
T-18

V-114
L-94
T-104
V-115
L-95
T-105
V-113
L-93
T-103

V-lll
L-91 
T-101 
R-15
L-15
V-112
L-92 
T-102

3 Instn:ments at these Ftations are wired to start simultaneously. 

Table 6.   List of strong-motion seismograph stations, 1939

Station and foundation

NORTHERN CALIFORNIA

Berkeley: University of Califor 
nia: Solid Rock. 

Eureka: Federal Bldg: Alluvium

Ferndale: City Hall: Alluvium.. 
Monteroy: City Hall: decom 

posed granite. 
Oakland: 

City Hall: Alluvium:

Chabot Observatory: Solid 
rock. 

Sacremento: Federal Bldg: Al 
luvium. 

San Francisco: 
Alexander building: Allu 

vium:

450 Sutter: Rock: 
Twenty-eighth floor......

Golden Gate Park: Rock.....

Instrument

Accelerograph.

Accelerograph 
and displace 
ment meter. 

Accehrogiaph 
-..-.do ....__..

...-.do.........

.....do. .......
Weed seismo 

graph. 
Accelerograph.

.... .do. ....... .

.... .do. ._._-...

..... do. ._..__..

Weed seismo 
graph, 

-.-..do ........
.---do.........

Date of 
installation

November 1932.. 

May 1933.......

..-.do... ....... 
March 1938......

November 1934.. 
June 1933___...-.
--.._do.._....--..

...--do.. ..._....

November 1934.. 
October 1935 ... 
November 1934..

October 1933....

November 1934.. 
December 1935..

Latitude (N.) '

37°52.29' 

40°48.19'

40°34.62' 
36°35.86'

37°48.21' 
37°48.21' 
37°47.3'

38°34.88'

37°47.32' 
37°47.31' 
37°47.31'

37°47.26'

37°47.26' 
37°46.20'

Longitude (W.)i

122°15.71' 

124°09.81'

124°15.75' 
121°53.82'

122° 16.36' 
122°16.36' 
122°10.8'

121°29.78'

122°24.19' 
122°24.19' 
122°24.19'

122°24.51'

122°24.51' 
122°28.72'

> Coordinates scaled from Geological Survey maps, and other sources. They are accurate to about 1 unit 
in the last place retained, or slightly less accurate, except where limits of accuracy are shown.
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Table 6. List of strong-motion seismograph stations, 1939 Continued

Station and foundation

NORTHERN CALIFORNIA

San Francisco  Continued. 
Shell Blcfg: Rock: 

Twenty-ninth floor 2 .....

Twenty-first flcor__-----.

Pouthern Pacific Bldg: Allu 
vium and rr ade giound:

San Jose: Bank of Ameiica Bldg.: 
Alluviuir :

cine R. R. bridge pier: Rock.

SOUTHERN CALIFORNIA

Department: Alluvium. 
Colton: Southern California. Edi 

son Co. substation: Alluvium.

El Centre: Nevada-California 
Power Co. terminal station: Al 
luvium.

Hollywood: Hollywood Storage 
Co. warehouse: Alluvium:

Adjoining Pacific Electric 
lot.3

Bldg.: Alluvium. 
Los Angeles: 

Chamber of Commerce: Al 
luvium: 

Eleventh floor.. ____ .

Edison Bldg. Hardpan or 
clay. 

Subway Terminal. Hardpan 
or clay 

Thirteenth floor...... _ .

trict Warehouse at Vernon: 
Alluvium. 

Pasadena: California Institute of 
Technology: Alluvium.

house: Alluvium.

Electric Co. : Alluvium.

Alluvium. 
Santa Barbara: County Court 

house: Alluvium

nia at Los Angeles: Alluvium.

Instrument

Weed seismo 
graph.

- _00. ..._--_.
__.do ,._.-._

and displace- 
n ent meter, 

.-...do...... ..

--...do -.- - ._
-...do... ......

.....do. .......

Accelerc graph 
and displace 
ment ireter. 

Accelei'ograph

.....do.  ...

.....do....   .

.....do.   .... 

.....do...   

...-.do -....._.

and Weed 
seismograph 

Accelerograph.

_----do..   .-

and - dis 
placement 
meter.

Accelerograph. 
displace 
ment meter, 
and Weed 
seismograph.

graph.

graph. 
Accelerograph.

.  do  .... ..

Date of 
installation

February 1939...

Aupust 1938 
October 1933 _ - .

October 193-L__.
December 1932- .

April 1933...----

Septembei 1932
-_.._do . _-_--_
--...do_....---_.

June 1933..-.---.

January 1933.. ._ 

July 1932..--..-.

June 1933 ---
..-.do.   ......
December 1934. _

November 1934. -

December 1934 - 

.....do... _-.....
August 1932 ....

July 1932........

May and June 
1933.

June 1933 ..--

July 1932.. -..-_.

...... do ........ 

.......do ........

Latitude (N.)

37°47.37'
37°47.37' 
37°47.37'

37°47.51'
37°47.53'

37°46.72'

37°20.06'
37°20.07'
38°02.33'

37°21.S8'

34°03.47' 

32°47.6'

34°OS.40'
34°05.39'
34°05.39' 

33°40.19'

34°02.35'
34°02.34'

34°03.07' 

34°03.03'
34°03.05'

33°59.91'

34°08.24' 

34°06.21'

32°42.35'

33°44.95'±0.02'

34°25.38±0.05' 

34°05.24'

Longitude (W.

122°23.98'
122°24.CO' 
122°23.99'

122°23.70'
122°23.68'

122°25.07'

121°53.42'
121°f3.43'
122C07.22'

118°23.67'

117°18.91' 

115°32.8'

118°20.33'
118°20.33'
118°20.30' 

118°11.58'

118°15.59'
118° 15.60'

118°15.18' 

118°15.05'
118°15.08'

118°11.78'

118°07.29' 

117°17.70'

117°09.25'

117°52.22'±0.02'

119°42.17'±0.05' 

118°17.63'

J The Weed seismograph was originally installed on the twenty-eighth floor in October 1933. It was moved 
to its present location in February 1939.

3 The instrument on the Pacific Electric Co. lot in Hollywood is in a separate small building several 
hundred feet from the Hollywood Storage Co. Bldg., and should provide data which will be at least partly 
free from vibrations set up in the ground by the building itself. It is connected with the 2 accelerographs 
in the Hollywood Storage Co., making a set of 3 instruments in 1 locality operating under different condi 
tions They are connected electrically for simultaneous starting and time marking.
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Table 6. List of strong-motion seismograph stations, 1939 Continued

Station and foundation

MISCELLANEOUS

Boulder Dam, Nev.:

1215 Gnllery: Solid rock... ...

Bo/.cman. Mont.: Montana State 
College: Alluvium and glacial 
drift. 

Butte. Mont.: Montana School 
of Mines: Igneous rock.

Ammunition Depot: Alluvium.

Rock. 
Lognn. Utah: Utah State Agri 

cultural College: Alluvium.

Tuff and alluvium. 
Missoula. Mont.: Montana State 

University: Sedimentary rock.

Instrument

.....do.  ..

.....do... ...

... . .do...  ... 

.....do... ... ...

..-.<10.-.   ...

.....do.  ....

.....do  ..... 

.....do..  . 

... ..do..... ....

Date of 
installation

May 1937.......
.....do...........
... do. ..........
September 1936 . 

.....do.  ....

August 1939 ..... 

April 1935.. .....

September 1936..

Latitude (N.)

3fi°01.02'±0.0r
3fi°m .on'±o.or
3fi°0l.21'±0.04'
45°40.02'

46°00.8' 

38°33'

46°35.53'
41°44.5' 

9°00.0'

46°51.77'

Longitude (W.)

114°44.19'±0.rU'
1I4°44.22'±.or
H4°44 4S'±0 04'
111°02.72'

112°33.4' 

118°36'

112°02.37'
1H°4S.6' 

79°35.8'

113°S9.26'

Francisco.

DESCRIPTIONS OF STRONG-MOTION STATIONS

The following is a list of station descriptions previously published 
in issues of the United States Earthquakes series, and includes only 
stations at which records have been obtained since their establishment. 
The year in parentheses is the calendar year covered by the publication 
for which the serial number is given.

Los Angeles Chamber of Commerce 
Building. Serials 579 and 593 (1933 
and 1934). 

Los Angeles Edison Building. Serial
593 (1934).

Los Angeles Subway Terminal Building. 
Serials 579 and 593 (1933 and 1934). 

Vernon. Serial 579 (1933). 
Pasadena. Serial 579 (1933). 

Serial San Bernardino. Serial 619 (1937). 
San Diego. Serial 593 (1934). 
Santa Ana. Serial 579 (1933). 
Santa Barbara. Serial 593 (1934). 
Westwood. Serial 579 (1933). 
Boulder Dam. Serial 619 (1937). 
Hawthorne. Serial 619 (1937). 
Helena. Serial 600 (1935). 
Panama Canal Zone. Serials 593 and 

610 (1934 and 1936).

Berkeley. Serial 619 (1937),
Eureka. Serial 593 (1934).
Ferndale. Serial 593 (1934),
Oakland. Serial 593 (1934).
Alexander Building, San 

Serial 619 (1937).
Golden Gate Park. Serial 593 (1934).
Southern Pacific Building, San Fran 

cisco. Serial 579 (1933).
State Building, San Francisco. 

619 (1937).
San Jose. Serial 579 (1933).
Suisan Bay Bridge. Serial 579 (1933).
Bishop. Serial 593 (1934).
Col ton. Serial 610 (1937).
El Centro. Serial 593 (1934).
Hollywood. Serials 579 and 593 (1933 

and 1934).
Long Beach. Serial 579 (1933).

TILT OBSERVATIONS

During 1939 three tiltmeters were kept hi operation on the grounds 
of the University of California at Berkeley with the active cooperation 
of the Seismological Station of that institution. Two of the meters 
required visible readings but a third automatically recorded pictures 
of the interferometer fringes every hour. A graphical representation 
of the results obtained is shown in figure 13. There were no out 
standing tilts that could be associated with local earthquake activity.
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ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1934, December 30: 13:52*. Revised location by Pasadena. 31° 
69'N., 115°12' W.

1934, December 31: 18:46*. Revised location bv Pasadena. 31° 
59' N., 115°12' W. The locations of this shock and the one at 13:52 
on December 30 were originally thought to be separated by about 35 
miles.

1934-38. In the constants of the Los Angeles Subway Terminal 
thirteenth-floor accclerograph for those years change direction con 
stants for the longitudinal and transverse components to read "S. 39° 
W." and "N. 51° W.," respectively, for upward motions of the traces. 
Due to a reorientation of the basement displacement meter in 1934 
change direction constants for"ri2:ht" and "left" components to read 
"N. 39° E." and "S. 51° E.," respectively, for upward motions of the 
traces beginning with record of December 30, 1934.
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Figure 4. Area affected by the New Jersey earthquake of November 14, 1939

96° 94 88"

Iowa City / Chicago'V>v_x«5
J "   I | MIC r

Davenportgd'Rock pnnceton |   o \City 
S*^ Island o Crown Point   

KankakeeO I 1

_ _. £   - - ^ | rgh-eor 
. . ___ .  I v -V'Burlington 

nnceton "VKeokuk -

Quincy
Springfield Decatu

O c
Charleston 

^ o 
o Mexico

Vandalia

Fayetteville °Yellvil

96° 94 90° 88"

Figure 5. Area affected by the southern Illinois earthquake of November
23, 1939.
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122 114°

cramento0f MarkleevHIeoV H / 

^anta.Rosa / lAnln^-I

San Luis ObispcK "EC. 28 

Santa Maria

34 34'

32° 32*

122° 120° 118° 116" 114°

Figure 6. Areas affected by the more important earthquakes of California and
Nevada in 1939.
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124° 122° 120° 118°

48°

44

124° 122° 120° 118"

44'

Figure 7. Area affected by the Olympic Peninsula, Wash., earthquake
November 12, 1939.
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Down

j|W||!^A^^\i»dVv>/^^  /v^^v*- s\

West

0 Seconds ______!_________ 1_P___.

March 21. El Centro accelerograph record

Down

South

||k|A/vwyuvvwv^vx/v\rfVA^^

0 Seconds ______^____ _ ____ 1.P__

March 24. El Centro accelerograph record

Down

West

North

0_Seco_nds_ ______j>_________lp_

May 1. San Diego accelerograph record

Down

South

West

0 Sjco_nds ______ 5 _________ 1_P____

May 11. Hawthorne, Nevada, acceterograph record

Figure 8. Tracings of El Centro strong-motion records of March 21 and 24, San 
Diego record of May 1, and Hawthorne, Nev., record of May 11, 1939.
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Down

Northwest

^^j^\f\^    -~w>~A~A,   ^A^v^

0 Seconds_ ______£_________ 10 _____

May 4. Boulder Dam. 1215 gallery accelerograph record
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UNITED STATES EARTHQUAKES, 1940
INTRODUCTION

This publication is a summary of earthquake activity in the United 
States and the regions under its jurisdiction for the calendar year 1940- 
A history of the more important shocks of the country appears in 
Serial 609 of the Survey, "Earthquake History of the United States: 
Part I. Continental United States (Exclusive of California and 
Western Nevada) and Alaska," and "Part II. Stronger Earthquakes 
of California and Western Nevada, Eevised (1941) edition."

The history of minor activity is covered largely in a series of refer 
ences listed in Serial 609, in recent reports of the United States Coast 
and Geodetic Survey, and in a recent bulletin of the Seismological 
Society of America.1 The last two references give; very detailed 
information for all California earthquakes. The last one contains 
all of the information appearing in the early catalogs published by the 
Smithsonian Institution.

Earthquakes of volcanic origin in the Hawaiian and Philippine 
Islands are not included, and only the stronger shocks are included in 
the case of the Philippine Islands. Complete reports are published by 
local seismological institutions. Earthquakes adjacent to the United 
States and felt within its borders are described only in a general way 
when detailed descriptions are published elsewhere.

Cooperation of investigators solicited. In order that these publi 
cations may be as complete as possible in the more important details 
of earthquakes and in references, it is desired that investigators co 
operate to the fullest extent, as such cooperation will be to the mutual 
advantage of everyone concerned. The Survey is willing to furnish 
investigators all information at its disposal, consisting principally 
of seismographic records and postcard questionnaires obtained in 
many instances through special canvassing of affected areas. In return 
it is requested that advance notices be furnished of results obtained 
so that abstracts and references may be inserted in these reports. 
An advance notice of a planned investigation might save considerable 
overlapping of effort and would give wider publicity to the work of 
the investigator.

Earthquake information services. The Coast and Geodetic Survey 
maintains a field party in San Francisco, the Seismological Field 
Survey, which in addition to other duties collects earthquake informa 
tion in the Pacific Coast and Western Mountain States. In this work 
the Seismological Station of the University of California, Berkeley 
(Dr. Perry Byerly in charge), and the Seismological Laboratory of the 
California Institute of Technology, at Pasadena, cooperate actively. 
Among the commercial agencies on the west coast rendering valuable 
services are telephone, power, oil, railroad, and especially, insurance 
companies. Certain concerns interested in the manufacture of earth 
quake-resistant building materials are also active together with various 
organizations of structural engineers and architects.

1 Descriptive Catalog of Earthquakes of the Pacific Coast of the United States, 1769 to 
1928. S. D. Townley and M. W. Alien, Bulletin of the Seismological Society of America, 
vol. 29, No, 1, January 1939.

1



2 U. S. COAST AND GEODETIC SURVEY

Outside of California the following Collaborators in Seismology 
served as agents of the Coast and Geodetic Survey in collecting earth 
quake information in their respective States in 1940:

Arizona. Dean G. M. Butler, University of Arizona, Tucson.
Idaho. Prof. Vernon E. Scheid, University of Idaho, Moscow.
Montana. Dr. Francis A. Thomson, Montana School of Mines, 

Butte.
Nevada.^-Prof. Vincent P. Gianella, University of Nevada, Keno.
Oregon. Dean E. L. Packard, Oregon State Agricultural College, 

Corvallis.
Utah. Prof. Hyrum Schneider, University of Utah, Salt Lake 

City.
Washington. Dr. Harold E. Culver, Washington State College, 

Pullman.
In other parts of the country the Jesuit Seismological Association 

was active in cooperative projects. The central office of the associa 
tion at St. Louis University (Rev. Dr. J. B. Macelwane, S. J., in 
charge) collected information and made special studies in the central 
Mississippi River valley area, and the Seismological Station at Weston 
College, Massachusetts (Rev. Daniel Linehan, S. J., in charge) under 
took similar work in the Northeastern States under the auspices of 
the Northeastern Seismological Association and in close collaboration 
with the Harvard Seismological Observatory.

Other sources of information used in compiling this report in 
cluded: (1) The United States Weather Bureau, whose observers 
prepare periodic reports on local seismic activity; (2) telegraphic 
information collecteu by Science Service, Washington; (3) bulletins 
of the Seismological Society of America; (4) bulletins of the North 
eastern Seismological Association; (5) special bulletins of the Jesuit 
Seismological Association; (6) Earthquake Notes; (7) press dis 
patches published by Georgetown University Seismological Station; 
(8) reports of the Hawaiian Volcano Observatory; (9) reports of the 
Weather Bureau of the Philippine Islands; and (10) reports from 
many interested individuals.

Note on the regional earthquake lists.- The destructive features of 
all shocks are enumerated in the abstracts, but otherwise the descrip 
tive matter is reduced to a minimum. The original reports are open 
for inspection by anyone interested in unpublished details. More 
detailed descriptions of earthquakes on the west coast will be found 
in the mimeographed reports available at the San Francisco Field 
Station of the Survey.

Beginning with the 1931 number of this series, Serial 553, the Coast 
and Geodetic Survey has used and will continue to use the modified 
Mercalli intensity scale of 1931, in place of the Rossi-Forel scale, to 
designate the intensity of earthquake activity. All intensity numbers 
therefore refer to the new scale unless otherwise designated. The 
reasons for this change are set forth in an article entitled "Modified 
Mercalli Intensity Scale of 1931," by Harry O. Wood and Frank Neu 
mann, in the December 1931 number of the Bulletin of the Seismo 
logical Society of America, Vol. 21, No. 4. This article contains the 
original unabridged scale and also an abridged scale. The latter is 
given here, together with equivalent intensities according to the Rossi- 
Forel scale.
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MODIFIED MERCALIJ INTENSITY SCALE Or 1931

(ABRIDGED)

I. Not felt except by a very few under especially favorable circumstances. 
(I Rossi-Forel scale).

II. Felt only by a few persons at rest, especially on upper floors of buildings. 
Delicately suspended objects may swing. (I to II Rossi-Forel scale).

III. Felt quite noticeably indoors, especially on upper floors of buildings, but 
many people do not recognize it as an earthquake. Standing motor cars 
may rock slightly. Vibration like passing of truck. Duration estimated. 
(Ill Rossi-Forel scale).

IV. During the day felt indoors by many, outdoors by few. At night some 
awakened. Dishes, windows, doors disturbed, walls make creaking sound. 
Sensation like heavy truck striking building. Standing motor cars rocked 
noticeably. (IV to V Rossi-Forel scale).

V. Felt by nearly everyone, many awakened. Some dishes, windows, etc., 
broken; a few instances of cracked plaster; unstable objects overturned. 
Disturbance of trees, poles, and other tall objects sometimes noticed. 
Pendulum clocks may stop. (V to VI Rossi-Forel scale).

VI. Felt by all, many frightened and run outdoors. Some heavy furniture 
moved ; a few instances of fallen plaster or damaged chimneys. Damage 
slight. (VI to VII Rossi-Forel scale).

VII. Everybody runs outdoors. Damage negligible in buildings of good design 
and construction; slight to moderate in well-built ordinary structures; 
considerable in poorly built or badly designed structures ; some chimneys 
broken. Noticed by persons driving motor cars. (VIII  Rossi-Forel 
scale.)

VIII. Damage slight in specially designed structures; considerable in ordinary 
substantial buildings with partial collapse; great in poorly built struc 
tures. Panel walls thrown out of frame structures. Fall of chimneys, 
factory stacks, columns, monuments, walls. Heavy furniture over 
turned. Sand and mud ejected in small amounts. Changes in well 
water. Disturbs persons driving motor cars. (VHI-f to IX  Rossi- 
Forel scale.)

IX. Damage considerable in specially designed structures; well-designed frame 
structures thrown out of plumb; great in substantial buildings, with 
partial collapse. Buildings shifted off foundations. Ground cracked 
conspicuously. Underground pipes broken. (IX-f Rossi-Forel scale). 

X. Some well-built wooden structures destroyed; most masonry and frame 
structures destroyed with foundations; ground badly cracked. Rails 
bent. Landslide's considerable from river banks and steep slopes. 
Shifted sand and mud. Water splashed (slopped) over banks. (X Rossi- 
Forel scale).

XI. Few, if any (masonry), structures remain standing. Bridges destroyed. 
Broad fissures in ground. Underground pipe lines completely out of 
service. Earth slumps and land slips in soft ground. Rails bent 
greatly.

XII. Damage total. Waves seen on ground surfaces. Lines of sight and level 
distorted. Objects thrown upward into the air.

An asterisk (*) indicates that the time is taken from an instrumental 
report and is reliable. In other instances quite large deviations are 
frequently reported.

In the case of California, earthquakes reported as feeble are not 
plotted on the epicenter map of the United States, nor are minor after 
shocks plotted for heavy earthquakes in California or any other 
region. The reader should bear in mind that the information service 
in California has been developed to a point not approached in any 
other section of the country. When the coordinates of epicenters 
are given, the sources of information are stated when the epicenters 
are determined by other organizations such as the Seismological 
Station of the University of California under the direction of Prof. 
Perry Byerly or the Seismological Laboratory of the California Insti-
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tute of Technology, at Pasadena. The bulletins of these institutions 
should be consulted for further details and often for data on additional 
shocks.

Time is indicated as continuous from 0 to 24 hours, beginning and 
ending at midnight. Local standard time is used.

Within the United States the same regional arrangement has been 
followed as in Serial G09 previously mentioned.

Special quarterly report. Attention is invited to a special quarterly 
report issued by the Seismological Field Survey, with headquarters 
at San Francisco, entitled ''Abstracts to Earthquake Reports for the 
Pacific Coast and the Western Mountain Region." The reports are 
in mimeographed form and tabulate in unabridged style all infor 
mation contained in noninstrumental reports collected in the region 
indicated.

Epicenter WM/W. Figures 1 and 2 are designed to show earthquake 
distribution in the United States at a glance but the reader is cautioned 
in accepting all epicenter locations as correct. In a few cases, espe 
cially offshore, epicenters and others in uninhabited areas, where instru 
mental control is not satisfactory or where results of investigations 
are overdue, the plotted epicenters may be in error. The maps must 
therefore be accepted as showing, in some cases, the existence of epi 
centers rather than their precise locations. The text of the publication 
should be consulted to appraise any individual case. This same condi 
tion prevails also, to some extent, in the case of isoseismal and "affected 
area" maps. In figure 2 the relative intensity of a shock is indicated 
by the size of the dot.

Teleseismic results. On page 35 is a list of Survey and cooperating 
teleseismic stations for which the Survey publishes results. Immediate 
epicenter determinations are frequently made through the cooperation 
of Science Service, the Jesuit Seismological Association, the Coast and 
Geodetic Survey, and individual stations and the results broadcast 
without delay to Europe and points in the Pacific. Postal card reports 
are also issued.

Strong-motion results. The introductory remarks in the chapter 
on this subject explain in detail the purpose of the work, which is 
primarily to furnish engineers exact information concerning ground 
movements in the central regions of strong earthquakes. The instru 
mental equipment is essentially different in type from, teleseismic 
equipment although the principles involved are the same. Strong- 
motion instruments are installed mostly in the urban areas of Cali 
fornia, and operate only when actuated by the movements of a strong 
earthquake.

The interpretation of strong-motion results is one of the duties 
assigned to the Survey in connection with a broad cooperative pro 
gram of Seismological research being carried out on the Pacific coast 
between the Survey and a number of local organizations and institu 
tions interested in the engineering aspects of the earthquake problem. 
The details of this program are fully described in the Survey's Special 
Publication No. 201, "Earthquake Investigations in California, 
1934-35," which is obtainable from the Superintendent of Documents, 
Washington, D. C., for 35 cents.

Preliminary reports on strong-motion results are issued in quarterly 
mimeographed bulletins and sometimes in special mimeographed 
reports. They appear in revised form in this publication.



NONINSTRUMENTAL RESULTS

EARTHQUAKE ACTIVITY IN THE VARIOUS STATES

Arizona: Local shocks on May 19, June 5, and October 16. The Imperial 
Valley earthquake of May 18 was felt strongly in Arizona.

California: The Imperial Valley earthquake of May 18, intensity X, was the 
outstanding earthquake of 1940 in the United States. In northern and central 
California the more important shocks of intensity V or VI occurred on February 
13, September 17 and 27, October 22, November 16 and 19, and December 20; 
and near Reno, Nev., on February 8. In southern California shocks of similar 
type were felt in the Los Angeles area on October 10 and 31, and in other areas 
on May 17 and 21, June 4, and August 27.

Colorado : Light local shock on April 8.
Connecticut: Light shocks in the Moodus area on March 1 and 12.
Florida: Disturbance of questionable seismic origin reported on December 26 

at Tampa.
Georgia: Moderate shock on October 19 felt in northwest Georgia and south 

east Tennessee.
Idaho: Light local shock on March 28.
Illinois: Weak shock in Paducah, Ky., area on May 31 also felt in Illinois.
Indiana: Weak shocks in Louisville, Ky., and Evansville areas felt in both 

States on January 8 and December 28.
Kentucky: Local shocks on January 8, May 27, May 31, and December 28, 

three of which were felt in neighboring States.
Louisiana: Local shock on December 2.
Maine: Light local shock on March 28. The New Hampshire earthquakes of 

December 20 and 24 were strongly felt in parts of Maine.
Massachusetts: Intensity IV shock in Buzzards Bay area on January 28. 

Light local shock on January 1. The New Hampshire earthquakes of December 
20 and 24 were felt strongly in parts of Massachusetts.

Missouri: Local tremor on February 4.
Mo Jit ana: Intensity VI shock at Helena on December 23. Local shocks oc 

curred in the State on January 18, April 29, May 21, August 19, and December 25. 
There were also a number of light aftershocks in the Helena area.

Nevada: Moderately strong shocks in Pahranagat Valley area on March 17, 
18, and 30. Light local shocks occurred in State on May 18 and October 12. No 
outstanding activity occurred in Boulder Dam area.

New Hampshire: Intensity VII shocks in the Lake Ossipee area on December 
20 and 24 marked the outstanding disturbance of the year east of the Rockies. 
There were a large number of aftershocks.

New Mexico: Light local shock on May 16.
New York: The New Hampshire earthquakes of December 20 and 24 were felt 

strongly in the eastern part of New "Eork State. Local tremors occurred on 
May 19 and September 26.

North Carolina: Light shocks on December 24 and 25.
Ohio: Light tremor on May 31. Tremors were reported from one point on 

June 35, July 28, August 15 and 18.
Oregon : Moderate shock on coast on May 25.
Pennsylvania : Light tremor reported at Harrisburg on May 28.
Rhode Island: The New Hampshire earthquakes of December 20 and 24 were 

widely felt in Rhode Island. A light local shock occurred on January 2.
South Carolina: A sharp disturbance occurred in the Charleston area on 

January 5 followed by lighter activity on October 7 and December 27.
Tennessee: Moderate shocks in the western part on November 23. One in 

southeastern corner, on October 19, was also felt in Georgia. Other local activity 
in eastern part on December 24 and 25.

Utah : Local shock on February 28.
Vermont: The New Hampshire earthquakes of December 20 and 24 were 

strongly felt in Vermont.
Virginia: Moderate shock on March 25.
Washington: Widespread shock in Puget Sound area on October 27. Weaker 

shocks occurred on March 23 and November 13; and light local shocks on January 
5, April 25, November 18 and 25.
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Wyoming: Moderate shocks on May 24; light local shocks on October 22 and 
November 1.

Alaska: Moderately strong shock in the McKmley Park area on March 5. A 
strong submarine earthquake on August 21 was felt at Dutch Harbor and 
Unalaska. Minor activity centered in the Fairbanks region.

Hawaiian Islands : A strong submarine shock on June 16 was felt on all islands.
Philippine Islands : No outstanding activity.
Puerto Rico : No shocks reported felt.
Panama Canal Zone: Minor activity only.

NORTHEASTERN REGION

(75TH MERIDIAN OB EASTERN STANDARD TIME)

NOTE. See bulletins of all seismographic stations in the region for additional informa 
tion. "NESA" refers to the Northeastern Seismological Association.

January 1: 20:06. Massachusetts. 42.5° north, 71.5° west, according to the 
NESA bulletin. Felt in Littleton, Mass.

January 2: 20:30 and 21:00. Block Island, R. I. Weather Bureau micra- 
barograph showed 2 jars but no motion was felt. Felt by 2 persons 3 miles away.

70°45' 70°30' 70°15'

70°30' 70°15'

FIGURE 3. Area affected by Buzzards Bay. Mass., earthquake of January 28, 1940. 
Map prepared at Weston College Seismological Station.

January 28: 18:12*. Buzzards Bay, Mass. Epicenter 41°38' north, 70°48' west 
according to the NESA bulletin. A canvass of the affected area was made by the 
Weston College Seismological Station. The map and the descriptive material 
following have been furnished through the cooperation of that station.

The shock was evidently strongest in the vicinity of Marion, Mattapoisett, 
Fairhaven, and New Bedford on the northwest shore of the bay, and near 
Pocasset and Falmouth on the southeast shore. Near Mattapoisett it "took the 
plugs out of the electric light sockets" and shook some houses rather severely. 
Books fell from the shelves of a library in Fairhaven. It was evidently felt 
throughout Martha's Vineyard.

The sound of the earthquake was its most noticeable feature in some places. 
Falmouth, for example, reports the rumble was gradual, then ended abruptly 
like an explosion. At more distant points the noise was more like distant thunder.
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INTENSITY IV:
Acushnet, Antassawanock Neck, Bourne, Cataumet, East Falmouth, Fairhaven, 

Falmouth, Forestclale. Gay Head, Hatchville, Lakeville, Marion, Mattapoisett, 
New Bedford, Nobska Point, Onset, Pocasset, Russels Mills, Sconticut Neck, South 
Dartmouth, Westport, and Woods Hole.

INTENSITY I TO III:
Bridgewater, Carvel1 , Cotuit, Dartmouth, East Fairhaven, East Wareham, 

Martha's Vineyard, Mashpee, Menemsha, Middleboro, Monument Beach, Non- 
quitt, North Dartmouth, Oak Bluffs, Osterville, Point Independence, Portsmouth, 
Raynham Center, Rochester, Sagamore, Chilmark, South Yarmouth, Segreganset, 
Waquoit, Wareham, and West Wareham.

Felt with intensity about II at Portsmouth, R. I.
Not felt at Attleboro, Cape Cod Canal, Centerville, Harstons Mills, Hyannis, 

Manomet, Mansfield, Mantucket, Orleans, Plymouth, Provincetown, Rockland, 
Sandwich, Siasconset, Whitman, and Yarmouth.

March 1: 23:16.* Near Moodus, Conn. Epicenter 41.5° north, 72.5° west, ac 
cording to the NESA bulletin. At Westbrook windows rattled and a lumber 
pile in a cellar was reported upset. Accompanied by noise like a thunderclap.

March 12: 20:29.* Near Moodus, Conn. Epicenter 41.5° north, 72.5° west, 
according to the NESA bulletin. Reported felt.

March 28: 6:43.* Maine. Epicenter 44.7° north, 69.9° west, according to the 
NESA bulletin. Felt in Stark and New Vineyard.

May 19: 20 : 26. Canton, N. Y. Slight local tremor.
September 26: 18:30.* Lake Champlain area. Epicenter 44.7° north, 73.5° 

west, according to the NESA bulletin. Felt in Plattsburg, N. Y. Recorded on 
seismograph of University of Vermont, at Burlington.

December 20: 2:27.* Near Lake Ossipee, N. H. Epicenter 43.8° north, 71.3° 
west, according to the NESA bulletin. Maximum intensity VII. Land area af 
fected in the United States, nearly 150,000 square miles. Felt 350 miles from 
epicentral area. A special article on this earthquake will appear in an early 
issue of the Bulletin of the Seismological Society of America under the authorship 
of Daniel Linehan, S. J., and L. Don Leet.

The maximum intensity was apparently in the lower range of VII. There were 
no casualties, and the total damage did not exceed a few thousand dollars at most. 
The affected area was canvassed in part by the Coast and Geodetic Survey, the 
Northeastern Seismological Association with headquarters at Weston College, 
Massachusetts, and by local observers of the United States Weather Bureau. 
Mr. R. L. Arringdale, Director of the Seismographic Station at Portland, Maine, 
affiliated with the Harvard Seismographic Station, surveyed the epicentral area. 
The evidence pointed to the appearance of ground cracks in the region of Tarn- 
worth, N. H., where the shocks seem to have been the strongest, but the presence 
of snow made accurate appraisal of the extent of the cracking extremely difficult. 
There seems to have been no specific point or line where the ground disturbance 
Was outstanding.

Two major shocks of approximately the same intensity featured this disturb 
ance. A second important shock occurred at 8:44* on December 24, with 
epicenter in the same general region. A review of the original reports and news 
paper clippings indicates that the second shock, on the 24th, was less prolonged 
but somewhat more intense than that of December 20. There is no doubt that 
damage resulting from the second shock was made greater because of weakening 
effects of the earlier shock. In analysing the reports for the two shocks, the 
situation appeared so confused that it was decided to combine the it-ports for 
both and construct only one map showing the affected area. The map on page 10 
is based on a preliminary plotting of intensity data at the Weston College 
Observatory.

An unusual phenomenon was reported from Westbrook, Maine, where an ob 
server crossing a bridge noticed waves "raised" in the Presumpscot River at the 
time of the December 24 shock. Some tall buildings were shaken rather severely 
in Boston, Mass., and Albany, N. Y. by the earlier shock.

The usual number of aftershocks were recorded in the epicentral area, 129 
having been reported by one observer through January 31, 1941. The North 
eastern Seismological Association determined instrumental epicenters in this area 
for the following earthquakes: December 20, 2:27; December 24, 8:00, 8:44, 
9: 33, and 13 : 12   December 2.1, 0: 04 : January 1 (1941), 22 : 43; January 4, 6 : 10;
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January 18, 18 : 25 ; January 20, 21: 28 ; January 22, 19:15 ; and February 12, 
17:24.

INTENSITY VII IN NEW HAMPSHIRE :
Tamworth. In valley. Twenty old chimneys reported damaged, some thrown 

down. Tombstones rotated. Some walls were cracked and a few pipes were 
broken. Much stucco was thrown from outside walls, and there was some dam 
age to light structural parts. Plaster fell. Some furniture was broken and 
there was considerable damage to china, glassware, and brick-a-brack. Clocks 
stopped. Dead branches were shaken from trees and many cracks appeared in 
the crusty snow. Some cracks were reported in the ground. Well water was 
muddy for several days. One observer reported 129 aftershocks through Jan 
uary 31, 1941. Second shock "more terrifying" and "closer" than main shock.

Wonalancet. Old house of heavy timber construction shifted a foot with 
damage to foundation. Heavy furniture shifted a foot; a heavy kitchen stove 
moved over 6 inches. Twenty-five pieces of china and brick-a-brack were broken ; 
all pictures fell and everything slid from mantels. Cracks appeared in snow and 
ground. Most of the damage occurred during the earthquake of December 24.

INTENSITY VI IN NEW HAMPSHIRE:
Blootmfield. Slight damage in old masonry; chandeliers and Christmas tree 

swayed. (December 24 report.)
Center Ossippee. Small objects overturned. "Drops" on telephone switch 

board were released. Slight damage. Trees and bushes shaken strongly. Shock 
on 24th toppled chimneys and threw groceries from shelves.

Chocorua. Six chimneys damaged. Merchandise thrown from shelves; heavy 
vases thrown from mantel. Clocks-stopped.

Conway. Chimneys were damaged and some plaster fell. Some dishes and 
pictures broken. Church bell rang. Telephone switchboard "drops" dislodged. 
(December 24 report.)

George's Mills. Fireplace arches and plaster cracked. Slate cap on chimney 
displaced. Cracks found in ground 1 to 2 inches wide and 10 to 50 feet apart.

Keene. Some brick walls and plaster cracked. Old cracks in brick city hall 
were enlarged. Auto toppled from jacks. Dishes and brick-a-brack shaken from 
many shelves; pictures swayed throughout town, and fire bell rang. Intensity 
higher than at nearby places on rock. Shock of 24th not so intense. Alluvium.

Lincoln. Bricks fell from chimney. Reinforced concrete floor reported 
cracked. Merchandise and dishes fell from shelves. Pictures on walls dis 
placed. Rain gage recorder pen vibrated through % inch. (December 24 
report.)

North Gonway. One chimney toppled. Merchandise fell from shelves in most 
stores. Plaster fell in one old building. One house damaged by fire resulting 
from cracked chimney on December 24.

West Ossippee. Three chimneys damaged.

INTENSITY VI IN MAINE :
Augusta. Number of chimneys badly cracked. Some pipes loosened at junc 

tion with water tanks. Telephone exchange deluged with calls. (December 24 
report.)

Denmark. Vases overturned ; dishes broken. (December 24 report.) 
Waterville. Knickknacks, books, and pictures fell; dishes and windows 

broken. On the 24th walls and plaster were reported cracked; damage slight.

INTENSITY V IN NEW HAMPSHIRE :
Alton. Clocks stopped. Chimney cracked. 
Buxton. Snow shaken from roofs. 
Claremont. Knickknacks fell.
Colebrook. Small objects overturned ; knickknacks fell in both shocks. 
Concord. Some plaster reported cracked ; slight damage to glass and chimneys. 
Dover. Small objects moved. 
Franklin. All awakened ; hanging objects swung. 
Glen. Small objects moved ; all residents awakened. 
Gorham, Door opened; clocks stopped; all residents awakened. 
Groveton. Small objects moved.
Hanover. A little plaster cracked; chimney of school 6 miles south of Han 

over damaged. Small objects and pictures displaced. On December 24 tall



8
0
°

7
8
°

7
6

°

3
8
°

4
4

'

6
6
°

FI
G

U
RE

 
4
. 
Is

o
se

is
m

al
s 

of
 

th
e 

N
ew

 
H

am
ps

hi
re

 
ea

rt
hq

ua
ke

s 
of

 
D

ec
em

be
r 

20
 a

nd
 

24
, 

ba
se

d 
on

 
in

ve
st

ig
at

io
ns

 
of

 N
or

th
ea

st
er

n
Se

is
m

ol
og

ic
al

 A
ss

oc
ia

ti
on

.



UNITED STATES EARTHQUAKES, 1940 11

hospital chimney swayed visibly; rocking chairs rocked; trees were visibly 
shaken; and water in a brook swished back and forth.

Lancaster. Chimneys and plaster cracked. Small objects moved.
Lincoln. Bricks fell from chimneys. Wall pictures displaced. Rain gage 

recorder pen vibrated through % inch.
Littleton. Curtains, pictures, and furniture disturbed. Shock of 24th believed 

stronger than that of 20th.
Lisbon. Chimneys and plaster cracked. Knickknacks fell.
Manchester. Plaster reported cracked. A few light objects overturned. 

Shock of 24th reported stronger than that of December 20.
Meredith. Some dishes broken. Awakened all residents.
Milan. Plaster reported cracked. Awakened all residents.
Meriden. Small objects moved; trees and bushes shaken. (December 24 

report.)
Moultoriboro. Slight damage to chimneys. (December 24 report.)
Nashua. Some plaster reported cracked and plants thrown from shelves on 

December 24. Pictures were displaced on the 20th.
Pittsfield. Light objects overturned.
Rochester. Hanging objects swung. All residents awakened. Trees and 

bushes shaken strongly.
Warren. Dishes broken; knickknacks and pictures fell. Damage slight.
Wolfcboro. Plaster cracked, knickknacks fell. Damage slight.

INTENSITY V IN MAINE :
Andover. Liquids spilled from containers; church bell rang 3 strokes. All 

residents awakened. (December 24 report.)
Augusta. Number of chimneys cracked; some pipes loosened from water 

tanks. Telephone exchange deluged with calls. (December 24 report.)
Bath. All residents awakened. Trees and bushes shaken moderately.
Bethel. Chimneys cracked; some reported fallen; damage slight. Stronger 

shock of December 24 cracked plaster, broke dishes, overturned some objects, and 
spilled water. Both shocks awakened everyone.

Denmark. Pictures fell. Slight damage to brick construction.
Farmingtoti. Chimneys and plaster cracked. Pictures fell.
Frye'burg. Small objects moved ; trees and bushes shaken.
Gardiner. Chimneys cracked; vaSes and small objects overturned; dishes 

broke; books and pictures fell.
Hiram. One or two windows broken; knickknacks fell; objects overturned.
Jackman. Knickknacks and pictures fell; plaster cracked. (December 24 

report.)
Lcwiston. All residents awakened; trees and bushes shaken.
Limerick. Small objects overturned; trees and bushes shaken.
Mexico. Trees and bushes shaken. Many residents awakened.
Naples. All awakened by shocks of December 20 and 24. During latter shock 

chimneys were cracked slightly.
North Bridffton. Some objects fell. All residents awakened. Shock of 24th 

rated heavier but shorter than that of December 20.
Norwcty. Clocks stopped; water spilled. Felt by all residents. (December 24 

report.)
Parsonsfleld. Pictures fell. All residents awakened.
Pern. Small objects moved. Slight damage. All residents awakened.
Portland. Walls? cracked in south Portland; dishes thrown from shelves at 

State School for Boys. Telephone poles swayed visibly. Both heavy shocks 
felt aboard ship in harbor. Shock of December 20 stronger but more damage 
appeared to result from shock of 24th.

Ranford. Pictures and knickknacks fell.
Srtringvalc. Plaster cracked ; knickknacks fell.
WUbur. Small objects moved. All residents awakened.

INTENSITY V IN VERMONT :
BJoomfleld. Top bricks displaced on some old chimneys. Pictures and chairs 

moved: ornaments fell from Christmas tree. (December 24 report.)
Brattleboro. Knickknacks fell. Many residents awakened.
BitrUnfflon. Pome plaster cracked slightly, and a few dishes and windows were 

broken. (December 24 report.)
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Bristol. Clocks stopped. Many residents awakened.
Craftsbury Common. Felt by nearly everyone. (December 24 report.)
Hardicick. Plaster cracked; dishes broken; objects overturned. Felt by all. 

(December 24 report.)
Lndloic. Dishes broken; small objects displaced. Shock of December 24 broke 

dishes, cracked plaster and ice, and overturned small" objects.
Montpelier. Objects moved. (December 24 report.)
Newport. Hanging objects swung and pictures were displaced. Striking mech 

anism of clock in courthouse tower thrown out of gear. (December 24 report.)
North Troy. Plaster cracked; vases overturned. Clocks stopped. (Decem 

ber 24 report.)
Rutland. Small objects moved. Many residents awakened. Shock of December 

24 reported shorter but more severe than that of the 20th.
St. Albans. Stucco cracked on several houses. Chimneys swayed visibly. 

Many loose objects disturbed. (December 24 report.)
St. Johnsbitry. Walls and plaster cracked: damage slight. All residents 

awakened.
Verfjennes. Bed and chandelier moved ; many residents frightened. (December 

24 report.)
Windsor. Small objects moved; all residents awakened. Trees and bushes 

shaken strongly. Practically same report for December 20 and 24.

INTENSITY V IN MASSACHUSETTS :
Alton. Pictures displaced ; many residents frightened. On December 24 cracks 

appeared in ceilings; all pictures in observer's home were askew; clock stopped. 
December 20 shock accompanied by strong roaring sound.

A thai. Toilet articles thrown from shelves. (December 24 report.)
Bridyeu-nter. Plaster cracked; pictures fell; vases and small objects over 

turned. Slight damage.
Chicopce. Water main reported ruptured on December 24.
Clinton. Plaster and windows cracked. S'ight damage.
Eriftt Boston'district. Windows were broken in one large plant. Rocking 

chairs set in motion.
Lynn. Walls and plaster cracked; furnishings moved.
Neicbnryport. Hanging objects swung; trees and bushes shaken moderately. 

(December 24 report.)
North Adams. Some windows broken; clocks stopped. Many residents 

awakened.
Salem. Statuary toppled from shelf on December 24.
RJielbiirne Falls. Knickknacks and pictures fell; vases overturned. Trees 

and bushes shaken.

INTENSITY V ix NEW YORK :
Dannemora. Plaster and window reported cracked; some dishes broken. 

Alarm clock overturned. (December 24 report.)

INTENSITY V IN RHODE ISLAND :
Newport. Pictures reported knocked from walls.

INTENSITY IV:
Neiv Hampshire. Alstead, Antium, Berlin, Bethlehem, Chaiiestown, Chester 

field, Concord, Dnmmer, Franklin, Hanover, Keene. Laconia, Littleton, Man 
chester, Meredith, Mt. Washington Observatory, Nashua. Ossipee, Pembroke, 
Penacook, Pinkham, Grant, Portsmouth, Somersworth, Spofford, Wolfeboro, and 
Woodsville.

Maine. Augusta, Bangor, Bridgton, Camden, Dexter, Eastport, Farmington, 
Greenville, Jackman, Limerick, Old Town, Paris, Portland, Rangeley, Rockland, 
Rumford, and Sanford.

Vermont. Bellows Falls, Bethel, Enosburg. Fairlee, Hartford. Lyndonville, 
Montpelier, Nortbfield, Proctor, Randolph, Rochester, St. Albans, St. Johnsburg, 
Swanton, and White River.

Massachusetts. Adams, Amherst, Amesbury, Ashfield, Athol, Boston, Brighton, 
Brockton, Brookline, Cambridge, Clinton, Concord. Dorchester, Fitchburg, 
Franklin, Gardner, Gloucester, Greenfield, Haverhill, Hyannis, Lowell, Mansfield, 
Milford, Nantucket, New Bedford, Newburyport, Northfield, Northampton, Nor 
wood, Otis, Palmer, Peabody, Pittsfield, Plymouth, Quincy, Reading, Roxbury,
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Salem, Somerville, Southbridge, Spencer, Springfield, Stougiiton, Swampscott, 
Tauntou, Ware, Watchman, Wellesley, West Chatham, Weston, Williamstown, 
Wincliendon, Woburn, and Worcester.

Neic York. Albany, Amsterdam, Auburn, Buffalo, Cortland, Glen Falls, Glov- 
ersville, Hudson, Huntington, Lake George, Plattsburg, Rome, Rouse's Point, 
and Watertown.

Connecticut. Danbury, East Haddam, Lakeville, Mansfield, Meriden, New 
Haven, Putnam, Rockville. and Windsor.

Rhode Island. Central Falls, Woonsocket, Newport, Pascoag, and Providence.
New Jersey. Newark, Plainfield, and Salem.

INTENSITY I TO III:
Neiv Hampshire. Bethlehem, Bristol, Cambridge, Concord, Dublin, Dummer, 

Durham, Gorham, Hanover, Hillsboro, Hinsdale (south of), Lisbon, Manchester, 
Mount Washington Observatory, Newport, Portsmouth, Rochester, and West 
Chesterfield.

Maine. Bar Harbor, Bridgton, Caniden, Kastport, Farmington, Fort Kent, 
Houlton, Jackman, Arono, Portland, Presque Isle, and Westbrook.

Vermont. Barre, Burlington, Craftsbury, Enosburg, Northfield, Hartford, 
Rochester, and Rutland.

Massachusetts. Adams, Ainherst, Barre, Boston, Brockton, Cambridge, Con 
cord, Edgartown, Hyannis, Middleboro, Midclleton, Millbury, Monson, Nantucket, 
Newton, Highlands, North Adams, Otis, Plymouth, South Barre, Taunton, 
Waltham, Weston, Worcester, and Woronoco.

New York. Albany, Amsterdam, Auburn, Ballston Spa, Buffalo, Canton, Cats- 
kill, Glen Falls, Haverstraw, Hudson, Hudson Falls, Kenmore, Kingston. Malone, 
Massena, Mechanicville, Monticello, Nassau, Newhurgh, New York, Norwich, 
Ogdensburg. Oneonta, Oswego, Port Jervis. Rochester, St. George. Schenectady, 
Suffern, Syosset, Syracuse, Tupper Lake, Utica, Watertown, and Whitehall.

Connecticut. Haitford, Mansfield, Plainfield, Rockville, Stafford Springs, and 
Torrington.

Rhode Island. East Providence, Kingston, New Shoreham, Providence, and 
Wakeiield.

Peiiiisylranid. Allentown, Ardmore, Ilonesdale, Milford, Philadelphia, Strouds- 
burg, and Tunkhannock.

New Jerxcy. Asbury Park, Hawthorne, Little Falls, Newark, and Pompton 
Lakes.

North Carolina. Shelby.
Not felt in New Hampshire at Hinsdale.
Not felt in Maine at Caribou and Houlton.
Not felt in Vermont at Rutland.
Not felt in Massachusetts at Dorchester and Lenox.
Not felt in New York at Binghamton, Buffalo, Canadaigua, Cortland, Dans- 

\ille, Elmira, Fredonia, Fulton, Hornell, Jamestown, New York, Nyaok, Olean, 
Owega, Poughkeepsie, Waverly, and White Plains.

Not felt in Connecticut at Norwalk.
Not felt in Pennsylvania at Allentown, Altoona, Bradford, Carbondale, Carlisle, 

Erie, Franklin, Gettysburg, Hazleton, Indiana, Kane, Lancaster, Lanesboro, La- 
porte, Lebanon, Lock Haven, Meadville, Montrose, Muncy, Norristown, Pittsburgh, 
Reading, Scranton, Shamokin, Sharon, Somerset. Sunbury, Towanda. Uniontown, 
Warren, Washington, Wellsboro, Wernersville, West Chester, Wilkes-Barre, Wil- 
liamsport, and York.

Not felt in New Jersey at Atlantic City, High Bridge, Jersey City. Millv'Ue, 
Phillipsburg, Raritan, Red Bank, South Bend, Tom River, Trenton, and Whiting.

Not felt in other states at Cape Charles, Charlottesville. Harrisonburg, Rich 
mond. Roanoke. and Winchester in Virginia; Annapolis, Baltimore, Cumberland, 
and Pocomoke in Maryland; Canton, Columbus, Marietta, Painesville, and 
Ravenna in Ohio; Weston in West Virginia; and Dover in Delaware.

Not felt in Canada at Montreal and Fredericton in New Brunswick.
December 24: 8:44. Near Lake Ossippee. This aftershock of the preceding- 

earthquake was described by many as stronger than the first heavy shock at 2: 27 
on December 20. All of the descriptive material concerning it has been incorpo 
rated in the description of the earlier shock due to confusion in the reports 
recpived. The map on page 10, based on data processed at the Weston College- 
Seismological Station, was developed by pooling the information for both shocks..
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EASTERN REGION

(75TH MERIDIAN OR EASTERN STANDARD TIME)

January 5:8: 45. Summerville, S. C. Sharp shock felt by nearly all residents. 
Two jolts about a minute apart.

March 25: 22:28. Moderate shock felt at Edinburg, Toms Brook, and Wood- 
stock, Va. Telephone exchange swamped with calls. Slight foreshock at about 
21: 00; weak aftershock on March 26 at 00: 01.

May 28: 15:06. Harrisburg, Pa. Light shock reported felt and recorded on 
nearby seismographs, according to bulletin of Northeastern Seismological Asso 
ciation.

October 7: 22 : 20. Summerville, S. C. Slight shock.
October 19: 00:55. Chattanooga and Cleveland, Tenn., and Ringgold, Ga. 

Moderate shock. Loose objects disturbed. Telephone exchanges swamped with 
calls.

December 24: 20: 50. Asheville, N. C. Very light shock.
December 25: 01: 49.* Weak earthquake felt at Honeycutt and Asheville, N. C. 

Recorded on the seismograph at Cincinnati.
December 26: About 20: 00. Tampa, Fla. Slight. Seismic origin very doubtful.
December 27: 4 : 32 Summerville, S. C. Slight.

CENTRAL REGION

(90TH MERIDIAN OR CENTRAL STANDARD TIME)

January 8: 14:05 (about). Louisville, Ky., and Jeffersonville, Ind. Slight 
tremor noticed by a few residents.

February 4: 11': 33. Cape Girardeau and Commerce, Mo. Slight local tremor, 
recorded on local seismograph.

February 14: 5 :10. Blytheville, Ark. Slight.
May 27: 2:30 (about). Louisville, Ky. Slight tremor felt only by observer.
May 31: 11: 00-11: 30. Akron, Ohio. Slight tremor felt by few.
May 31: 13:03. Paducah, Ky. Weak. Slight at Cairo, 111. Recorded on 

nearby seismographs.
June 15: 20: 30. Near Nankin, Ohio. On a farm north of Nankin a series of 

tremors, thought to be of seismic origin, continued at intervals through several 
months. The strongest on June 15 at 20: 30 awakened an entire family. Other 
tremors reported on July 28 at 3:30; August 15 at 4:35; and August 18, at 
21:30.

November 23: 15:15.* Felt throughout Illinois and neighboring States. Re 
ported from Tiptonville and Memphis, Tenn. VI in epicentral region. Recorded 
on seismographs. Epicenter 38° 13' north, C0°04' west, according to Jesuit Seis- 
mological Association.

December 2: 10:16 (about). Rodessa, La., IV. Dishes reported shaken from 
shelves in restaurant. Not felt in nearby towns canvassed for information.

December 24: 20:30. Greenville, Tenn. Light tremor felt by several.
December 25:0:50. Greenville, Tenn. Moderate shock. Some residents 

awakened.
December 28: 20:30 (about). Evansville, Ind., and Owensboro, Ky. Very 

light shock reported by few residents.

WESTERN MOUNTAIN REGION

(105TH MERIDIAN OR MOUNTAIN STANDARD TIME)

NOTE. Only the more important shocks felt at Boulder Dam, and the more important 
aftershocks in the Helena, Mont., area are listed. The unabridged records are published 
in Abstracts of Earthquake Reports for the Pacific Coast and Western Mountain Region. 
Sec Seismic Investigations in the Boulder Dam Area in 1940, by T. C. Mead' and D. S. 
Carder, Bulletin of the Seismological Society of America, vol. 31, No. 4, p. 321.

January 18: 3 : 00 (about). Bozeman, Mont. Light shock of questionable origin 
reported by a few residents. Not recorded on Bozeman seismograph.

February 28: 21:47. Logan, Utah. Light shock felt by many in Logan and 
adjacent towns according to the press. Lightly suspended objects swung.

March 10: 11: 02.* Pahranagat Valley, Nev. A moderately strong shock, felt 
by nearly everyone in Alamo as a sudden jolt, ushered in a series of lesser 
aftershocks of which 25 were recorded on the seismograph at P.oulder City. The



UNITED STATES EARTHQUAKES, 1940 15

records indicated epicentral distances of 80 to 85 miles and that, combined with 
other evidence, pointed to epicenters within a few miles of Alamo.

At Alamo the shock on the 10th rattled windows, doors, and dishes. Elsewhere 
a few clocks were stopped and dishes rattled. At Crystal Springs, 15 miles 
north of Alamo, it was felt as a gentle tremor. On April 7 a few persons at 
Hiko, 20 miles north of Alamo, felt a shock, and at Crystal Springs an observer 
noticed a low rumble to the south. At Alamo all the felt after-shocks were 
described as more or less sudden jolts.

March 28: 12: 55. Pocatello, Idaho. Press reports light shock felt.
April 8: 10:00. Aspen, Colo. Light shock felt by several. '
April 29: 12: 23. Pleasant Valley, Mont. Light shock felt by several.
April: Pahranagat Valley earthquakes. See March 10.
May 16: 22:10. Grants, N. Mex. (25 miles south and southwest of). Light 

shock felt.
May 18: 18 : 00. Las Vegas, Nev. Light shock felt by several. Hanging objects 

swung.
May 19: 11:00. Wellton, Ariz. Small objects overturned; trees and bushes 

shaken.
May 21: 22:20 and 22:50 (about). Melrose, Mont. C. F. Seager and J. M. 

Conrow, geologists, report: "The Melrose earthquake was felt as two distinct 
tremors in that area included within an elliptical line running roughly through 
points 2 to 3 miles west of Melrose, 3 to 4 miles north of Melrose, the mining 
camp of Rochester some 8% miles east of Melrose, and the foot of the southern 
slope of McCarthy Mountain." First shock felt as sharp thump; second was of 
oscillatory nature accompanied by faint rumbling noise. Felt by all residents 
who were awake. Dishes and windowpanes rattled.

May 24: 4 : 50, 5 :10, 5 : 25, 8: 55. Yellowstone Park, Wyo. Moderate shocks 
felt by nearly all in the Old Faithful area.

June 5: 22: 42. Dome, Ariz. Two sharp jolts felt by all.
August 19: 0: 09. Helena, Mont. Intensity IV.
October 12: Alamo, Nev. Light shock felt by many. Few residents awakened. 

Date and time doubtful.
October 16: 6:25. Flagstaff, Ariz. Many awakened. Windows and doors 

rattled.
October 22: 16:00. Jackson Hole, Wyo. Light shock. See note by B. T. 

Gale in Bulletin of the Seismological Society of America, Vol. 30, No. 1, page 85.
November 1: 23: 00. Jackson Hole, Wyo. Light shock in Jackson. Strongest 

about 1 mile southwest.
December 23: 14: 50. Helena, Mont. Felt in Montana over an area of about 

7,000 square miles. At Helena the intensity was close to VI and minor damage 
was reported. The questionnaire coverage was supervised by Dr. Francis A. 
Thomson, president of the Montana School of Mines, and collaborator in seis 
mology for the Coast and Geodetic Survey in Montana. A strong motion 
accelerograph record of the earthquake was obtained at Helena.

In the following compilation all places are in Montana unless otherwise stated.
In Helena one resident reported a wall cracked, and a few buildings showed 

cracked plaster. One resident reported broken plumbing. Many stores reported 
canned goods thrown from shelves, and some pictures were knocked off walls and 
from loose tables. Many clocks stopped. There was visible swaying of buildings. 
The shock was accompanied by a moderately loud rumbling sound. In East 
Helena windows were reported cracked.

Rocks were reported to have rolled from cliffs in Scratch Gravel Hills about 
6 miles north of Helena. The flow of water into the Hale Reservoir from its 
source in the mountains of Oro Finch Gulch, south of Helena, increased 100,000 
gallons per day, according to city officials.

At Butte chandeliers on the upper floors of high buildings swung. Small objects 
were moved at Poney; pictures fell and, clocks stopped at Wickes. At Winston 
trees and bushes were shaken.

The earthquake was also reported felt at Canyon Creek, Cardwell, Clancey, 
Craig, Great Falls, Jefferson City, Marysville, Missoula, Radersburg, and White 
Sulphur Springs. Nearly 100 other places canvassed reported that the shock 
was not felt.

December 25: 20 : 30. Helmville, Mont. Moderate shock.
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CALIFORNIA AND WESTERN NEVADA

[120TH MERIDIAN OR PACIFIC STANDARD TIME]

NOTE. All places are in California unless otherwise stated. "B" written after the 
location of an epicenter means that the location was reported by the Seismological Station 
of the University of California at Berkeley ; Perry Byerly in charge. The Berkeley data, 
however, are not available as this publication goes to press. "P" refers likewise to the 
Seismological Laboratory of the California Institute of Technology and the Carnegie 
Institution of Washington at Pasadena. More details will be found in Abstracts of 
Earthquake Reports for the Pacific Coast and Western Mountain Region. The Bulletin of 
the Seismological Society of America is referred to as - 'SSA Bulletin."

When more than 1 degree of intensity is reported from a town, the town is listed under 
the highest intensity reported.

January 10: 19:40.* Epicenter 33°47' north, 118°08' west, near Long Beach. 
One small foreshock and nine small aftershocks up to January 11, P. Light 
tremors and rumbling sounds heard at Long Beach. Hanging objects swu'ng 
at Seal Beach. Also felt at Maywood and Torrance. Not felt at Riverside.

January 12: 23:49.* Epicenter 33°47' north, 118°08' west, near Long Beach, 
P. At Huntington Beach hundreds fled to street. Knickknacks fell. At Long 
Beach faint lumbling sounds were heard and doorbells rang. In Los Angeles 
hanging objects swayed and some persons reported rumbling sounds. At Lake- 
wood Village a very hard jolt was reported. Trees and bushes were shaken at 
Compton. Also felt at Gardena, Garden Grove, Maywood, and Norwalk. Not 
felt at Riverside.

January 13: 19: 00. Earthquake reported by residents of the Carneros district 
south of Napa. Cracks were reported in papered walls.

January 15: 22:05. Second earthquake within 24 hours felt in east San 
Francisco Bay region. Like an explosion.

January 17: 21:58.* Epicenter 33°46' north, 118°06' west, near Long Beach, 
P. Felt by a few at Seal Beach.

January 22: 21:11. Slight shock felt near San Jose.
January 26: 6 : 28.* Epicenter 35°37' north, 118°12' west, Sierra Nevada, vicin 

ity of Weldon, P. At Onyx hanging objects swung and many persons were 
awakened. Felt also at Bodfish.

January 28: 12:34.* Epicenter about 33°38' north, 118°12' west, Sari Pedro 
Bay, P. Felt at Torrance.

January 28: 14: 16. A series of small earth shocks reported from San Diego. 
Not recorded instrufnentally.

February 4: 11 :"23. Lake Tahoe region. Hanging objects swung at Clio 
and Floriston. Also felt at Boea, Soda Springs, Tahoe, and Truckee. Not 
felt at Loyalton, Norden, Sierraville, Sparks, Nev., and Verdi, Nev.

February 4: 18: 15. San Francisco. Slight shock reported from several parts 
of city.

February 8: 00: 08. Northern California. An earthquake was felt over an area 
of approximately 28,000 square miles in the vicinity of Reno, Nev., as shown 
on map. Maximum intensity between VI and VII in several widely separated 
towns. Rumbling noises were reported from many points. Damage was con 
fined to a few twisted and cracked chimneys, broken windows, broken dishes 
and vases. Several instances of road slides and dislodged rocks were reported.

INTENSITY VI:
Almaiior. Some small objects overturned.
Bangor. Chimneys cracked. Damage slight.
Butte City. Chimneys cracked, and heavy furniture moved.
Chicor 4 miles southeast of. People downtown rushed into streets. Some 

chimneys and large windows broken. Heavy furniture moved. Trees and 
bushes shaken slightly.

Oridlcy. Vases, small objects, and furniture reported overturned.
La Porte. Communications disrupted in some sections of town.
Nevada City. Vases and small objects overturned.
Paradise. Chimneys twisted.
Tehama. One chimney cracked. Trees and bushes shaken slightly.
Vinton. Some plaster walls reported cracked. Liquids spilled from indoor 

containers. Trees and bushes shaken strongly.
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FIGURE 5. Areas affected by the more important earthquakes of California and western 
Nevada in 1940 excluding the destructive Imperial Valley earthquake.
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INTENSITY V:
Baxter. Decided creaking of walls. All awakened.
Beckwourth. Small objects moved. Trees and bushes shaken moderately.
Belden. Small objects and furnishings moved. Many awakened.
Blairsden, Mohawk Ranger Station. Pictures moved. Frames creaked. 

Trees and bushes shaken moderately.
Caribou (powerhouse). Rocks rolled onto road from hillside. Loud, heavy 

roar accompanied shock. Felt strongly in powerhouse on bedrock.
Chester. Building swayed in east-west direction. One pendulum clock stopped, 

and another started. Thunderous, roaring sounds heard at time of shock.
Corning. Plaster cracked. Curtains swung furiously.
Creseent Mills. Plaster cracked but damage slight.
De Sabla. One bed on castors moved back and forth. In one house an 

attic door was knocked over.
Dutch Flat. Plaster cracked but damage slight.
Feather River Canyon and other points. Boulder falling on track near Ketldie 

delayed train. Telegraph line wa,s temporarily out of commission because of 
damage by falling rock.

Forest Ranch. Walls creaked. Everyone awakened.
Graniteville. Small objects moved. Many residents awakened.
Oreenville. Plaster cracked. No damage.
Grimes. Clocks stopped. Small objects and furnishings moved.
Meadow Valley. Small objects moved. Everyone awakened.
Milford. Unsupported books on table knocked over. Many residents awakened.
Millville. Small furnishings moved slightly.
Mineral. Everyone awakened. Frightened all.
Oroville. Moved small objects and furnishings. Windows shaken vigorously.
Portola. Small objects disturbed. Hanging objects swung. Visible swaying 

of buildings and trees. Railroad telephone line service interrupted between 
Portola and Oroville.

Quincy. Small objects moved. Clocks stopped. Nearly everyone awakened.
Seneca. Small objects and furnishings moved. All residents awakened.
Sheridan. Hanging objects swung. Few residents awakened.
Storrie. Plaster cracked. Small objects overturned. All residents awakened.
Stirling City. Windows, doors, and dishes rattled. Stopped pendulum clocks. 

One chimney cracked. Many residents awakened.
Weimer. Vases overturned. Hanging objects swung. Liquid spilled from 

containers.
Westwood. Visible swaying of trees and lighting fixtures. Beds and pictures 

displaced- Roaring subterranean sounds heard before shock.
Wheatland. Small objects and furnishings moved. Trees and bushes shaken 

slightly.
Williams. Small objects and furnishings moved. No one awakened.
Woodland. Small objects moved.
Tolo. Small objects and furnishings moved.

INTENSITY IV:
Adin, Allegheny, Applegate, Arbuckle, Berry Creek, Big Bend, Biggs, Blue 

('anon, Boca, Browns Valley, Camptonville, Chicago Park, Cisco, Clipper Mills, 
Colfax, Coloma, Colusa, Cottonwood, Delevan, Downieville, Doyle, Dunnigan, 
Durham, Feather Falls, Flanigan, Nev., Floriston, Forbestown, Forest, Foresthill, 
Georgetown, Gerlach, Nev., Glenn, Hamilton City, Hammonton, Hazel Creek, Hon- 
cut, Hood, Inwood, lone, Isaiah, Isleton, Johnsville, Keddie, La Moine, Las Plumas, 
Live Oak, Lodi, Loyalton, Looniis, Marysville, Maxwell, McCloud, Meridian, Nelson, 
North Bloomfielcl, Nicolaus, North San Juan, Oregon House, Palermo, Paxton, 
Penryn, Perkins, Pike, Pittville, Placerville, Pleasant Grove, Princeton, Raven- 
dale, Red Bluff, Redding, Reno, Nev., Rescue, Rich Bar, Richvale, Rio Oso, Rob- 
bins, Rocklin, Ryde, Sacramento, Sattley, Sierraville, Sites, Sloat, Standish, 
Steamboat, Nev., Strawberry Valley, Stonyford, Spring Garden, Susanville, Sutter, 
Taylorsville, Thornton, Truckee, Tudor, Veronas, Vina, Viola, Washington, Wil 
lows, Wolf, Woodleaf, Yankee Jims, Yuba City, Zamora.

INTENSITY I TO III:
Alturas, Antelope, Artois, Byron, Calpine, Capay, Carson City, Nev., Castella, 

Clipper Gap, Dobbins, Emigrant Gap, Etna, Florin, Flourney, Folsom, Garden 
Valley, Grass Valley, Lodoga, Los Molinos, Minden, Nev., MoHtgomery Creek,
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New Castle, Orland, Pacific, Paynes Creek, Platina, Rio Linda, Roseville, Sierra 
City, Soda Springs, Sparks, Nev., Stirling City (6 miles north of), Stockton, 
Whitmore, and Wilton.

Not felt at Ankum, Bowman, Brooks, Callahan, Camino, Canby, Carrville, 
Cassel, Cayton, Clay, Cool, Covelo, Cana, Davis, Diamond Spring, Dixon, El 
Dorado, Elk Grove, Elmirs, Fairfield, Fern, French Corral, French Gulch, Fruto, 
Gait, Greenwood, Hat Creek, Hayfork, Holt, Igo, Ingot, Kennett, Knob Lake 
Mountain, Lathrop, Lincoln, Lower Lake, Lucerne, Middletown, Milton, Mills, 
Mount Shasta, Oakley, Peters, Pilot Hill, Plymouth, Potter Valley, Reiff, Ripon, 
Rio Vista, Rough and Ready, Ramsey, Shasta, Shingle, Sloughhouse, Stacy, 
Termo, Tracy, Upper Lake, Victor, Vista, Wallace, Weaverville, Weed, White 
House, Wilbur Springs, Winters; also in Nevada at Dayton, Feruley, Genoa, 
Nixon, Pyramid, Sutcliffe, .Verdi, and Weeks.

February 8: 8: 56.* Epicenter 33°42' north, 118°04' west, off Bolsa Chica, P. 
Windows rattled and lighting fixtures swayed in Long Beach. Slight at Seal 
Beach.

February 11: 11:24.* Epicenter 33°59' north, 118°18' west, southwest Los 
Angeles, P. Trees and bushes shaken at Mar Vista. At Redondo Beach plaster 
was reported cracked and small objects moved. Also felt at Hermosa, La Fresa 
substation near Gardena, Los Angeles, Manhattan Beach, and Venice. Not felt 
at Hollister, parts of Los Angeles, and Vista.

February 13: 15:53. Coast of northern California. Strongest at Branscomb 
where chimneys were reported cracked, vase5! overturned, and small objects 
and furnishing disturbed. Fairly strong at Elk, Ferndale, Scotia, Ukia, and 
Westport. Also felt at Benbow, Caspar, Comptche, Ettersburg, Manchester, 
Nashmead, Potter Valley, Spyrock, and Upper Mattole.

February 19: 4: 06.* Epicenter 33°42' north, 117°26' west, Elsinore fault near 
Alberhill, P. San Bernardino Valley. Strongest at Beaumont, Cabazon, Lake 
Arrowhead, Mentone, Moreuo, and Victorville. Subterranean sounds were heard 
at ^ number of places, and hanging objects swung. Also felt at Green Valley 
Lake, Banning, East Highlands, Elsinore, Hemet, Keen Camp, Lucerne Valley, 
Norco, Riverside, Romoland, San Bernardino, San Juan Capistrano, and Seven 
Oaks.

February 22: 2 : 38.* Epicenter-33°45' north, 117°20' west, the Gavilan district, 
P. Felt slightly at Moreno and Riverside.

February 24: 1:38.* Epicenter about 37°30' north, 118°32' west, Sierra 
Nevada, north of Bishop, P. Rocks dislodged in Owens River Gorge near Bishop. 
Trees and bushes strongly shaken. Felt by many.

February 24: 1:48.* Epicenter about 37°30' north, 118°32' west, Sierra 
Nevada, north of Bishop, P. Not quite as strong as the preceding shock. Furni 
ture shaken at one point in Yosemite National Park.

February 25: 13:24.* Epicenter 33°40' north, 117°33' west, northwest of Elsi 
nore, P. Reported felt in Silverado Canyon.

February 28: 9:28.* Epicenter 33°08' north, 116°05' west, San Jacinto fault, 
P. Small objects and furnishings moved at Westmoreland. Also felt at Des- 
canso Ranger Station, Hipass, Riverside, San Diego, Santa Ysable, and Twenty- 
nine Palms.

March 2: 5: 27. Monterey Bay. Strongest at Hollister and Morgan Hill. Many 
residents awakened. Also felt at Ben Lomond, Madrone, Pacific Grove, Salinas, 
San Francisco, San Martin, and Watsonville.

March 5: 13:56. Coast of northern California. Slight shock felt at Arcata, 
Fields Landing, and Trinidad.

March 10: 21:23. Northern central California. Strongest at Dunsmuir, 
Kennett, Mt. Shasta, and Redding. Many residents were awakened. Small ob 
jects were disturbed. In one case water was spilled from indoor container. Also 
felt at Bayles, Big Bend, Carrville, Castella, Clayton, Hazel Creek, and McCloud.

March 18: 16:16. Monterey Bay region. Slight shock reported from Hollister 
and Salinas.

April 8: 5:35.* Epicenter 37°35' north, 118°25' west, Mono County, P. Owens 
Valley. Objects were disturbed at Horse Shoe Bend, Laws, and Owens River 
Gorge near Bishop. Also felt at Big Creek, Bishop, Delpiedra, Dunlap, and 
Woodlake.

April 18: 2: 30. Slight shock felt at San Jose, Santa Clara, Saratoga, Morgan 
Hill, and Madrone. Recorded on seismograph at the University of Santa Clara. 
Trees and bushes were shaken slightly in Madrone.
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April 18: 10: 35.* Epicenter 34°04' north, 117°23' west, P. San Bernardino 
Valley. Strongest at Riverside where windows rattled and some residents were 
frightened. It was reported particularly strong at the Patton State Hospital. 
Felt also at Los Angeles, San Bernardino, Beaumont, Lake Arrowhead, and Loma 
Linda. Three miles east of Riverside a rumbling noise preceded the shock.

April 18: 13 : 22.* Epicenter about 33.2° north, 115.5° west, P. Imperial Valley. 
Felt at Calipatria.

April 24: 5:17.* Epicenter 33°47' north, 118°23' west, San Pedro Hills, P. 
Felt slightly in Los Angeles, Hawthorne. Santa Monica, Venice, Redondo Beach, 
Hermosa Beach, Huntington Park, La Fresa substation, Lomita, and Torrance. 
Not felt at May wood.

April 28: 22: 58.* Epicenter about 32° north, 115° west, P. Imperial Valley. 
Felt at El Centre.

April 28: 23:38.* Epicenter about 32° north, 115° west, P. Imperial Valley. 
Reported felt at Calexico and El Centro.

April 29: 00:48.* Epicenter about 32°44' north, 115°27' west, P. Felt at El 
Centro.

May 10: 6:47.* Epicenter about 33°43' north, 116°18' west, near Indio, P. 
Felt at Thermal.

May 17: 21:04.* Epicenter 34°03' north, 116°17' west, Little San Bernardino 
Mountains. P. Felt generally up to 150 km. from epicenter. Pasadena reports 
about 50 aftershocks recorded during the following 8 hours. Maximum intensity 
between V and VI. At Banning large buildings swayed and many persons left 
theater. At Keen Camp there was slight damage to store fireplace and moving 
of small objects. Clocks stopped at Garnet, Grossmont, and Thermal. At Garnet 
trees and bushes were shaken strongly. Small obiects were moved at Carlsbad, 
Elsinore, Moreno, Oceanside, and Palm Springs. Trees and bushes were shaken 
or hanging objects swayed at Aguanga, Amboy. Beaumont, Bell. Blythe, Cabazon, 
Carlsbad. Coachella, Crucero, Hnntington Beach, Indio. Keen Camp, Long Bench, 
Lucerne Valley. May wood, Mentone, Perris, San Clemente, San Diego, San Gor- 
gonio Pass. San Marcos, Santa Ysabel, Spring Valley. Thermal, Twentynine Palms, 
and Warner Springs. Felt also at Anza, Big Bear Ranger Station (near Minne- 
lusa), Big Bear City, Bonsall, Cajon, Compton, Daggett, Del Mar, East Los Angeles, 
Fullerton, Idyllwild, Inglewood, Lake Arrowhead. Ludlow. Mecca. Newport Beach, 
Ontario; Pala, Palo Verde, Pasadena, Redlands, Riverside, San Juan Capistrano, 
San Pedro. Santa Ana, Seven Oaks, Thousand Palms, Trona, Whittier, Wildomar, 
and Winchester.

May 18: 1: 15.* Epicenter about 34°36' north. 118°54' west, north of Fill- 
more, P. Felt at Fillmore, Moorpark, and Santa Paula.

Ma.it 18: 1: 26.* Aftershock of preceding earthquake felt at Fillmore.
May 18: 20: 36: 40.* The Imperial Valley earthquake. Maximum intensity X. 

Epicenter 32°44' north, 115°27' west, according to Pasadena. This is about 5 
miles northeast of Calexico and 7 miles southeast of El Centro. It was felt over 
an area of about 60.000 square miles in the United States. Property damage 
amounted to 5 or 6 million dollars. Eight persons were killed. 20 were seriously 
injured, and there were many minor injuries. The outstanding feature of the 
disturbance was the appearance of a 40-mile fault with a maximum horizontal 
displacement of 14 feet 10 inches near the international boundary.

Detailed descriptions of the earthquake will be found in the following articles, 
each of which is amply illustrated :

1. Imperial Valley Earthquakes of 1940. by Franklin P. THrich. Bulletin of the 
Seismological Society of America, Vol. 31. No. 1. January 1941.

2. The Imperial Valley Earthquake, by F. P. Ulrich. C N. Dirlam, and H. 
Collide. Building Standards Monthly, Vol. 9. No. 6. June 1940.

3. The Imnerial Valley Earthquake and its Effect on Gas Service, bv Charles 
Grunskv. Report of Technical Section of Pacific Coast Gas Association, 1940 
Convention.

4 The Imperial Valley Earthquake, by N. H. Heck. Scientific Monthly, July 
1940.

The waves emanating from the earthquake caused marked changes (3 seconds) 
in the levels attached to the zenith telescope of the Gaithersbi.irg (Md.) Latitude 
Observatorv forcing the observer to susnend operation over a 15-minute neriod. 
The magnetographs at Tucson. Ariz., Honolulu, T. H., and Cheltenham, Md. 
recorded the disturbance.

Fault. Horizontal slipping on the northwest end of the fault began in the 
region about 1 mile northwest of Keystone (midway between Brawley and Im-
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perial) and continued in a southeasterly direction into Mexico. The greatest 
slipping apparently occurred along the All-American Canal at a point about two- 
thirds of a mile east of the Alamo River crossing where the displacement was 14 
ieet 10 inches. The fault continued southeastward into Mexico through Cocopah 
on the Inter-California Railway where the track was shifted 7 feet. At one 
point near Kilometer 12 on the Solfatara Canal the slip was reported between 
10 and 12 feet. The fault continues for an indefinite distance into the delta of 
the Colorado River.

Railroads. The fault crossed the railroad at three points. At Grape the 
track was moved out of line, and just north of Grape about 1,000 feet of track 
settled. At Meloland the track was displaced about 18 inches, and at Cocopah 
there was a shift on 7 feet. Settling of the track occurred at many places, espe 
cially where the railroad was close to a river. The Mexican Government Railroad 
southeast of Pascualitos was damaged and one bridge was seriously damaged. 
Depots and steel tanks suffered only minor damage.

118° 116° 114° 112°

32 32'

118° 116° 114° 112°

FIGURE 6. Isoseismals of the Imperial Valley earthquake of May 18, 1940.

Canals. Damage to irrigation canals was widespread and serious. Perhaps 
the greatest damage was in the region just west and south of Holtville to tho 
border. Breaks occured over almost the entire length of the Ash Canal xrom 
Holtville to the border. About 7 miles of the Holtville Main Drain was damaged. 
In Mexico both banks of the Central and the Alamo Canals were broken over a 
length of 25 miles. At least one bank of the Solfatara Canal was destroyed 
over a length of 13 miles, also at least 4 miles of banks of the East Side High 
Line Canal. In all, approximately 60 miles of canal banks were damaged or 
destroyed. The New River Flume carrying the West Side Main Canal of the 
New River in Mexico was destroyed. An indefinite amount of damage to crops 
resulted from the shortage of water.

General damage. On U. S. Highway 99 the bridge across New River shifted 
on its piling and settled so that traffic had to be stopped. The eastern approach 
was damaged by buckling. The highway north of Brawley and across the low 
lands near New River was cracked and settled noticeably. About 7 miles east of 
Calexico, just west of the Alamo River, there was a slip of 10 to 32 feet in the 
roadway. The western part of the road apparently slipped northwestward as the 
pavement was buckled for several miles west of the fault.
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Only short interruptions occurred in power line service at Calexico, Brawley, 
and Calipatria. In some other places the power was shut off as a safety measure. 
Except for very short breaks, telephone and telegraph service was maintained 
with points outside the disturbed area even though there was considerable dam 
age to the lines. At Brawley gas service was discontinued but damage to mains 
was found to be practically negligible. Elevated water tanks at Holtville and 
Imperial collapsed.

Ground ivater. In December 1937, a geyser appeared along U. S. Highway 
395 about 40 miles north of Bishop. It threw steam and water continuously to 
a height of 100 feet until the day following the main shock, when it began inter 
mittently to decrease, stopping completely after a slight earthquake at 2 a. m. 
on May 26.

Craterlets appeared in the bed of New River about a mile west of Brawley. 
The mud jots at Salton Sea were reported to have shown increased activity and 
a marked increase in the temperature of the water ejected.

Aftershocks. Between 8:37 and 10:34 p. m. about 10 aftershocks were felt. 
The shock at 9: 50 was reported as being responsible for the major damage at 
Brawley. On the 23d a destructive shock was again reported from Brawley. 
From the 19th to the end of the month about 20 aftershocks were reported from 
various points in the valley.

Strong-motion seismograph records. The accelerograph operated by the Coast 
and Geodetic Survey at El Centre, with the cooperation of the Southern Sierra 
Power Co., recorded the main shock at 8:37 p. m. and a number of aftershocks. 
Weak records were also obtained in San Diego, Los Angeles, Hollywood, and San 
Bernardino. The results obtained are described in detail in the section entitled 
 "Strong-Motion Seismograph Results."

In the following summary of earthquake effects in the various towns it is 
impossible to distinguish between the effects of the main shock and those due to 
aftershocks. This is especially so in the case of Brawley. The net results are 
therefore given for the entire series.

INTENSITY IX:
Imperial. About 80 percent of the buildings were damaged to some degree. In 

the business district almost all buildings were damaged, many so seriously that 
they were condemned. Older residences suffered appreciable damage; new ones, 
very little. The city's 100,000 gallon water tank collapsed. Apparently there 
was no great damage to the water mains and the sewage system. The city 
hall was unroofed and one wall was knocked out. Four persons were killed in 
the total collapse of a grocery sfore.

Braivlcy. First shock VII, aftershock IX. In the business district all buildings 
were damaged, and it was estimated that 50 percent of them had to be condemned. 
All stores were closed on Main Street pending a survey of structural damage. 
Perhaps 25 percent of all residences were damaged. Some of the walls of the 
city hall, a one-story adobe structure, fell and others were badly cracked. There 
were a large number of breaks in the water mains, and water was shut off in 
hundreds of homes because of broken plumbing.

INTENSITY VII TO VIII:
Holtville. In the business section only a few walls were thrown down. 

In the residential section damage was mostly to chimneys which were thrown down. 
The city water tank collapsed.

El Centro. A number of old brick buildings were so badly damaged that they 
were condemned. Damage was chiefly to old brick construction, to walls that were 
not reinforced or tied to the structures, and to balconies projecting over aide- 
walks. There were a few breaks in the water mains, but practically no damage 
to the water plant nor to sewer lines.

INTENSITY VII:
Calexico. One building was damaged appreciably and a number of others 

showed cracks, fallen plaster, and some broken columns. Many windows were 
broken; chimneys were twisted and cracked. Dishes were broken; stock fell 
from store shelves. Rumbling sounds were heard with the arrival of the earth 
quake.

Heber. Some chimneys fell; others were twisted. Walls and windows were 
cracked, but the damage was slight. Liquids were spilled from outdoor containers.

Mexican. Direct damage was not large, but a short circuit caused by the
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earthquake set fire to a large hotel which was destroyed. Clefts in sand dunes 
below Mexicali were clearly visible from the air along the fault.

San Luis, Ariz. Twisting and fall of chimneys reported. Dishes, windows, 
and furniture were broken.

Yiima, Ariz. Some damage to poorly constructed buildings. Visible swaying 
of buildings and trees. Twisting and fall of columns and monuments. Dishes 
broken. Panic in_theaters. Bumping and rumbling sounds heard. In the lower 
Yuma Valley cracks opened up in fields and water and sand gushed up; wells 
spouted 15 feet into the air.

INTENSITY VI:
Calipatria. Plaster cracked and dishes broken. Water spilled from tanks. 

Trees and bushes shaken moderately.
Hipass. Vases overturned.
Jacumba. Small objects overturned. Rocks dislocated.
Ogilby. Small objects overturned.
Palo Verde. Plaster fell; windows and dishes broken; small objects over 

turned ; damage slight. Concrete wall reported cracked.
Pine Valley. Vases, small objects, and furniture reported overturned.
Plaster City. Plaster cracked ; dishes broken. Damage slight.
Petrero. Small objects overturned.
Ranchero Santa Fe. Small objects overturned.
Seeley. Plaster cracked ; small objects overturned ; pictures fell.
Liberty, Ariz. Small objects overturned.
Tonopah, Ariz. One chimney cracked.
Wellton, Ariz. Plaster cracked; dishes broken; water spilled from indoor and 

outdoor containers.

INTENSITY V:
Alpine. Small objects moved.
Banning. Visible swaying of buildings and trees.
Barret Dam. Visible swaying of buildings and trees. Beds and pictures 

swayed.
Beaumont. Objects disturbed ; hanging objects swung.
Blytlie. Hanging objects and trees swayed.
Bonita. Plaster reported cracked. Hanging objects swung.
Borego. Slight damage to irrigation pipe line. Trees and bushes shaken.
Cabason. Hanging objects, trees, and bushes disturbed. All residents 

awakened.
Cathedral City. Hanging objects disturbed. Slight damage to concrete.
Descanso. Small objects moved. Hanging objects, trees, and bushes 

disturbed.
Jamul. Hanging objects swung.
Laguna Beach. Hanging objects, trees, and bushes disturbed.
Mesa Grande. Water spilled from containers; clocks stopped; small objects 

moved.
Morcno Dam. All awakened.
National City. Hanging objects swung. Clocks stopped.
Ocean Beach. Hanging objects swung.
Ramona. Small objects and furnishings moved.
San Diego. Hanging objects, trees, and bushes disturbed. Some clocks 

stopped.
Sante. Small objects moved.
Sunnyside. Hanging objects, trees, and bushes disturbed.
Tecate. Plaster reported cracked. Trees and bushes shaken.
Valley Center. Plaster reported cracked. No damage.
Vidal. Pictures fell. Hanging objects, trees, and bushes shaken.
Warner Springs. Buildings, pictures, and trees swayed. Objects disturbed.

INTENSITY V IN ARIZONA:
Ajo. Hanging objects swung. 
Aztec. Clocks stopped. Furnishings moved. 
Dome. Hanging objects, trees, and bushes disturbed.
Palo Verde. Plaster reported cracked. Oil and water spilled from containers- 

Small objects moved. 
Phoenix. Window pane reported broken. Hanging objects swung.
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San Simon. Plaster reported cracked. Water spilled from containers. 
Taciin. Bottles overturned and broken. 
Wenrtoi. Small objects and furnishings moved.

INTENSITY IV:
Aguanga, Avalon, Bellflower. Campo, Chula Vista, Corona, Coronado, Crucero, 

Cuyamaca Peak Lookout, Del Mar, Earp. Elsinore, El Toro, Encanto, Escondido, 
Fawnskin, Forest Home, Gardena, Grossmont, Hodges Dam, Huntington Park, 
Idyll-wild. Indio, Julian, La Jolla, Lakeside, La Mesa, Lemon Grove, Lsucadia, 
Mecca, Mentone, Miramar, Mount Laguna, Murrieta, Nestor, Palm City, Parker 
Dam, Redlands, Rice, Ripley. Riverside, San Bernardino, San Clemente, San 
Jacinto Mountain, San Juan Capistrano, Santa Ysabel, San Ysidro, Seven Oaks, 
Spring Valley, Summit, Temecula, Thermal, Vista, Westmorland, and Yucaipa.

INTENSITY IV IN ARIZONA :
Agua Caliente, Arlington, Avondale, Bouse, Congress, Gila Bend, Glendale, 

Kirkland, Maricopa. Mesa. Mohawk. Parker, Prescott, Quartzsite, Salome, San 
Miguel, Sentinel, Tempe. Topock, Wickenburg, and Wittman.

INTENSITY I TO III:
Arrowhead Springs, Barstow, Compton. Encinitas, Etiwanda, Fall Brook, 

Fullerton, Highland, Inglewood, Lucerne Valley, Maywood, Newport Beach, 
Needles. Pasadena, Romoland, Santa Ana, Twentynine Palms, Valyermo, West- 
end, and Anza.

INTENSITY I TO III IN ARIZONA :
Aguila, Avondale, Chino Valley, Kingman, Peoria, Seligman, Tucson, Valentine, 

Wagoner, and Wikieup.

INTENSITY I TO III IN XEVADA :
Las Vegas.
Not felt at Acton, Atolia, Big Bear City, Burbank, Camp Baldy, Cajon, Cima, 

Death Valley, El Segundo, Essex, Fillmore, Fontana, Glendora, Gorman, Grape 
vine, Helendale, Ivanpah, Kelso, Keen Camp, La Canada, Lake Arrowhead, Lan 
caster, Llano, Ludlow, Long Beach, Mojave, Monolith, Monrovia, Mount Wilson, 
Nipton, Newbury Park, Ontario, Palmdale, Pasadena, Phelan, Pomona, Randsburg, 
Redondo Beach, Rosamond, Saltdale, San Dignito Dam (Rancho Santa Fe), 
Snn Fernando, Santa Monica, Stanton, Saugus, Silverado, Shoshone, Tecopa, 
Venice, Ventura, and Yosemite National Park.

Not felt in Nevada at Boulder City, Dry Lake, Jean, Las Vegas, Searchlight, 
and Sloan.

Not felt in Arizona at Ajo, Amando, Ash Fork, Castle Hot Springs, Chloride, 
Estrolln. Florence. Hillside, Laveen, Mammoth, Oracle, Payson, Peach Springs, 
Pine, Redrock, Rillito, Sacaton, Sedo>na, Superior, Tonto Basin, Vail, and 
Winkleman.

Aftershocks. Many aftershocks were reported from the affected area. At 
the Pasadena Seismological Laboratory about 50 aftershocks of magnitude 8 and 
over were recorded in the 8 hours following the main shock. The most outstand 
ing occurred at the following times : May 18 at 10: 48, 20 : 55, 21: 04, 21: 44, 21: 51, 
21: 52, 21: 57, 22 :18, 22 : 33, 22 : 36, 23 : 02 ; May 19 at 0 : 55, 1: 18, 4: 09, 5 : 07, 
5 : 41, 7 : 31, 7 : 52, 22 : 27, 23 : 06; May 20 at 3 : 13, 4 : 42, 6 : 01, 13 : 31: May 22 at 
2:59, 10:85, 12:56, 16:12, 19:18. At Brawley the greatest damage was in 
flicted by a destructive aftershock at about 21: 50, 1 hour 13 minutes after the 
main shock. The maximum intensity was IX, but reports are too confusing to 
distinguish the effects and extent of it from the main shock.

Af' ershocks were reported at various times from the following places: Brawley 
(destructive at 21:15 and 21:40), Banning, Calipatria, Cuyamaca Peak Look 
out, Colton, Descanso, El Cajon, El Centro (considerable damage at 21:51), 
Essex, Fenner, Garnet, Indio, Moreno, Oceanside, Ogilby, Pala, Palm Springs, 
Perris, San Diego, San Luis Rey, San Marcos, Seeley (slight damage at 10:05), 
Santa Ysabel, Thousand Palms, Winchester, and Winterhaven (slight damage at 
9:15). Aftershocks were also reported from Las Vegas, Nev., and Mobile, Tacna, 
and Wintersburg, Ariz.

May 18: 21: 50. Imperial Valley. Destructive aftershock near Brawley. For 
(Mails see description of main shock at 20: 37.
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May 21: 2:05.* San Luis Obispo County. Epicenter 35°17' north, 120°29' 
west, P. Felt strongest at Morro Bay, Cainbrai, and San Luis Obispo. At Morro 
Bay groceries were shaken from shelves, vases overturned, and pictures and 
some plaster fell. At Canibrai dishes, windows, and some furniture were broken, 
but damage was slight. At San Luis Obispo one window was broken. Also 
felt at Cayucgos, Pismo Beach, Avila, Paso Robles, and Atascadero.

May 22:22:40.* Epicenter about 33°50' north, 117°24' west, the Gavilan 
district, P. Felt at Riverside.

May 23: 3: 00. Brawley. Strong aftershock broke dishes and cracked plaster.
May 23: 5 : 31.* Epicenter about 33°50' north, 117°24' west, P. Felt slightly 

at San Bernardino.
May 23: 9: 30 and 10 : 45. Brawley. Strong aftershock caused some structural 

damage. Chimneys and plaster were cracked, and vases overturned. Also felt 
at El Centro.

May 31: 21: 26. Riverside County. Slight shock felt at Idyllwild and Thermal.
June 3: 17: 15. San Jose. Slight shock felt by eastside residents.
June 4: 2: 35.* San Diego County. Epicenter 33°07' north, 116°25' west, near 

Yerruga, P. Eighteen aftershocks recorded at Pasadena up to June 15. Felt 
strongest at Borego, Cuyamaeu Peak Lookout, Mt. Laguna, Potrero, San Diego, 
and Santa Ysabel. At most of these places hanging objects swung. Water was 
spilled from containers at the Lookout, and overturning of small objects was 
reported from Potrero. Felt also at Alpine, D^scanso, El Centro, Encanto, 
Etiwauda, Hemet, Hodges Dam, Jacumba, Julian, Jamul, Lakeside, Moreno Dam, 
Nuovo, Riverside. Romoland. Santee, Spring Valley, and Thermal.

June 4: 5 : 05. Imperial Valley. Canal bank damaged near Brawley. Also 
felt at Calipatria.

June 5: 0: 27.* Riverside County. Epicenter 33°50' north, 117°24' west. 
Near Riverside, P. Felt at Fontana, Riverside, and San Bernardino.

June 5: 18 : 27.* Epicenter 33°57' north, 117°33' west, near Riverside, P. Felt 
at Etiwanda and Fontana.

June 6: 15 : 21.* San Diego County. Epicenter 33° 16' north, 116°24' west, near 
Clark Lake, P. Felt at l>oreg,», Cuyamaca Peak Lookout, and Santa Ysabel. 
Hanging objects swung at Santa Ysabel.

June 7: 16:30.* Los Angeles region. Epicenter 33°59' north, 118°18' west, 
southwest Los Angeles, P. At Inglewoocl residents reported dishes broken, lamps 
overturned, and pictures knocked from walls. Damage slight. Also felt at Haw 
thorne and Maywood.

June 16: 1 : 25> Off Point Arguello. Epicenter about 34°33' north, 120°47' 
west. P. Rumbling noise hoard at Guadalupp. A'so felt at Los Alamos.

June 23: 21:30.* San Pedro Channel. Epicenter about 33°33' north, 118°21' 
west, P. Felt slightly at San Pedro and Seal Beach.

June 25: 21:00. Imperial Valley. At Brawley an aftershock caused part of 
theater audience to hasten 'into the street. Felt very slightly at Impeiial and 
El Centro.

June 25: 21: 21. Humboldt County. Light shock felt at Ferndale, Scotia, For- 
tuna, and Dyerville.

June 27: 16:46.* Santa Rosa Mountains. Epicenter probably near 33°28' 
north, 116°35' west (Terwilliger Valley), P. Felt at Aguanga and in the lookout 
tower at Palomar Mountain.

July 6: 17:51.* Near Riverside. Epicenter 34°08' north, 117°20' west, P. 
Felt by many in San Bernardino.

July 7: 10 : 43.* Near head of Gulf of California. Epicenter about 31°40' north, 
'J15°C5' west. P. F-->'t at Lakeside.

July 8:2: 05.* Near Mina, Nev. Epicenter about 38°35' north, 117°50' west, P. 
Felt at Benton.

July 8: 2: 58.* Near Mammoth Lakes. Epicenter about 37°27' north, 119°00' 
west. Sierra, south of Mammoth, P. Felt at Pentou, Bishop, Hot Creek, Hunting- 
ton Lake, Lakeshore, and Yosemite Valley (Ycsemite Lodge).

July W:18:36.* Imperial Valley. Epicenter about 32°44' north, 115°27' 
west. P. Felt af F.I Centro and Brawley.

July 19: 20: 01.* Near Long Beach. Epicenter 33°42' north, 118°04' westr off 
Bolsa Chica, P. Fc't at Long Beach, Naples, and Belmont. Disturbed objects 
were reported from Long Beach.

July 20: 10:08.* Near Long Beach. Epicenter 33°42' north, 118°04' west, 
off Bolsa Clpca. P. Harg'ng obiects swung at Long Be'ich.

July 21: 0:36.* San Jacinto fault. Epicenter 33°05' north, 115°59' west, San 
.Tacinto fault at Carrizo Creek, P. Felt at Black Mountain Lookout (Aguanga).
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July 21: 6:15.* Near Mammoth Lakes. Epicenter about 37°27' north, 119°00' 
west, Sierra, south of Mammoth, P. Felt at Benton and Hot Creek.

July 21: 14 :16.* Near Mammoth Lakes. Epicenter about 37°27, north, 119°00' 
west, Sierra, south of Mammoth, P. Felt at Benton.

July 21: 19:22.* Near Santa Ana. Epicenter 33°46' north, 117°55' west, P. 
Felt at Placentia and Yorba Linda.

July 21: 22:24.* Los Angeles region. Epicenter 33°59' north, 118°23' west, 
southwest Los Angeles, P. Felt in Los Angeles, Santa Monica, Hollywood, Ingle- 
wood, Beverly Hills, Mar Vista, Venice, and Catalina Island. Hanging objects 
swung at Beverly Hills.

July 22: 0: 24.* Los Angeles region. Slight aftershock felt in Los Angeles.
July 22: 15 : 01.* Near Mammoth Lakes. Epicenter 38°38' north, 11'8°52' west, 

P. Felt at Big Creek, Benton, and Hot Creek. Trees and bushes were shaken 
slightly at Hot Creek.

August 7: 13: 52.* Near Palomar. Epicenter about 33°22' north, 116°55' 
west, P. Felt at Oak Grove Ranger Station (Aguanga), and Palomar Mountain. 
Steel girders of tower rattled as though something had crashed into the tower.

August 19: 10: 24.* Los Angeles region. Epicenter 34°02' north, 117°41' west, 
near Chino, P. Felt at Upland.

August 26: 22 : 40.* Los Angeles region. Epicenter about 33°59' north, 118°18' 
west, P. Felt in Culver City, West Adams district of Los Angeles, North Long 
Beach, Gardena, and Baldwin Hills.

August 27:20:54* Tulare County. Epicenter 36°02' north, 118°30' west, 
upper Kern River, P. Felt at Blue Ridge Lookout (Sequoia National Forest), 
California Hot Springs, Frog Meadow Guard Station (Sequoia National Forest), 
Glendale, Haley Meadows (near Pansy), Kern River Plant No. 3, Mule Peak 
Lookout (Porterville), Needles Lookout (Springville), Poso Guard Station, 
Sequoia National Park (sec. 21, T. 18, R. 33 E.), Tobias Lookout, and Quaking 
Aspen. Near Needles Lookout rocks were dislodged, and small objects and 
furnishings were moved. At several stations rumbling sounds were heard.

September 7: 5:02.* Monterey County. Epicenter about 36.5° north, 121.5" 
west, P. Felt at Salinas and Carmel.

September 17: 20: 23.* Off Redondo Beach. Epicenter 33°49' north, 118°27' 
west, P. Felt at Redondo Beach where chandeliers swayed, Hermosa, Torrance, 
and Manhattan Beach.

September 17: 0:21.* Central California. Epicenter about 38° north, 121° 
west, P. Felt at Isleton, Byron, and Stockton. At Byron dishes were shaken 
off shelves.

September 20: 10:59.* Central California. Epicenter about 38° north, 121° 
west, P. Aftershock felt at Byron. Residents reported dishes and other house 
hold articles broken.

September 21: 23:31.* Los Angeles region. Epicenter about 34.0° north, 
118.3° west, southwest Los Angeles City, P. Felt in south and west Los Angeles.

September 27: 9:03.* Cape Mendocino region. Epicenter 40° north, 124° 
west, P. Felt over a land area of approximately 2,000 square miles. Maximum 
intensity did not exceed V. Felt at Eureka, Arcata, Blue Lake, Briceland, 
Bridgeville, Carlotta, Dyerville, Ettersburg, Ferndale, Garberville, Kneel and, 
Miranda, Orick, Pepperwood, Petrolia, Rockport, Scotia, Trinidad, and Upper 
Mattole. Hanging objects swung at Arcata, Blue Lake, Eureka, and Ferndale. 
Trees and bushes were shaken at Eureka, Rockport, and Upper Mattole.

Not felt at Crescent City, Forest Glen, Garberville, Laytonville, Richardson 
Grove, Silverdale, Westport, and Zenia.

October 4: 2: 54.* Los Angeles region. Epicenter 33°54' north, 118°19' west, 
southwest Los Angeles, P. Felt at San Fernando, Van Nuys, Wilshire District, 
Beverly Hills, Eagle Rock, Hermosa Beach, and in parts of Los Angeles.

October 6: 12:54 (about). Humboldt County. Felt at Scotia and Upper Mat 
tole. Trees and bushes were shaken at the latter place. Two aftershocks were 
reported the next day at Scotia.

October 6: 13: 27.* Near Long Beach. Epicenter 33°46' north, 118°06' west, 
P. Very light shock felt in Long Beach.

October 10: 9:08. Imperial Valley. Epicenter about 32°44' north, 115°27' 
west, P. Hanging objects swung at Brawley. Shock preceded by a prolonged 
rumble.

October 10: 21: 57.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt over a land area of approximately 7,000 square miles. Maximum in-
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tensity VI with minor damage at a few places. Strongest at Keystone. Several 
strong motion seismograph records were obtained in the Los Angeles region.

INTENSITY VI:
Gardena. Small objects overturned; trees and bushes shaken.
Keystone. Plaster walls and chimneys reported cracked; dishes broken. 

Damage to brick work about $200. Tall vase overturned. Water spilled from 
containers.

Long Beach. Some plaster cracked. Doors and chandeliers moved.
Redondo Beach. Small objects overturned. Damage reported slight.

INTENSITY V:
Bell. Small objects and furnishings moved.
Beverly Hills. Pendulum clocks stopped and small furnishings moved. 
Compton. Hanging objects swung. 
Lomita. Hanging objects swung.
Los Angeles. Some plaster cracked, damage very slight. Small objects dis 

turbed. Trees and bushes shaken slightly. 
Manhattan Beach.- Slight damage to plaster walls. 
Maywood. Plaster walls slightly cracked. Theaters emptied. 
Port Hueneme. Small furnishings moved.
Seal Beach. All awakened. Direction of motion northwest-southeast. 
Venice. Small objects moved.

INTENSITY IV:
Acton, Aguanga, Alberhill, Balboa, Bellflower, Claremont, Culver City, El 

Segundo, El Toro, Glendale, Hemet, Hollywood, Huntington Beach, Himting- 
ton Park, Iglewood, La Crescenta, Laguna Beach, Mar Vista, Moreno, Oxnard, 
Palmdale, Pasadena, San Bernardino, San Pedro, Santa Paula, Topanga, Tor- 
ranee, Van Nuys, Venice, Ventura, Whittier, and Wilmingto'n.

INTENSITY I TO III:
Alhambra, Altadena, Anza, Arrowhead Springs, Big Bear Lake, Brea, Bur- 

bank, Cabazon, Cornell, Fullerton, La Canada, Monrovia, Moorpark, Newport 
Beach, Olive View, Riverside, Sandberg, San Diego, San Fernando, Santa Ana, 
Santa Barbara, Santa Monica, and Spring Valley.

Not felt at Alpine, Alta Loma, Arlington, Baldwin Park, Beaumont, Bloom- 
ington, Cajon, Camp Baldy, Corona, Crestline, Garnet, Glendora, Glenn Ranch, 
Escondido, Fall Brook, Fawnskin, Fillmore, Fontana, Indio, Jamul, Keen Camp, 
La Jolla, Mentone, Mount Wilson, National City, Newport Beach, Ontario, Pala, 
Palm Springs, Perris, Phelan, Pomona, Romoland, Rosamond, Roscoe, Sage, 
Saugus, Seven Oaks, Sunland, Temecula, Twentynine Palms, Victorville, Vista, 
Wheeler Springs, and Yucaipa.

October 10: 23 : 50.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Very light shock felt at El Segundo.

October 11: 16: 24.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt in Balboa, Big Bear Lake, El Segundo, Gardena, Huntington Park, 
Long Beach, Manhattan Beach, Maywood, Redondo Beach, San Pedro, Torrance, 
Venice, Firestone Park, Hawthorne, Inglewood, and Santa Monica. At Re 
dondo Beach some plaster was cracked, and bottles and cans fell from shelves.

Not felt at Alta Loma, Cornell, El Toro, Huntington Beach, Keen Camp, 
National City, Newport Beach, Seven Oaks, and Spring Valley.

October 11: 19:19.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt at Balboa, Fawnskin, Gardena, Huntington Park, Maywood, and Ven 
ice. Liquids were spilled from containers at Huntington Park; small objects 
and furnishings moved at Venice. Not felt in 12 other towns canvassed.

October 13: 3 : 55.* Vallecito Mountains. Epicenter about 32°56' north, 116°25' 
west, P. Felt at Descanso.

October 14: 12: 51.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt at Gardena, Lomita, Maywood, and San Pedro. Hanging objects 
swung on fifth floor of City Hall at San Pedro. Not felt at Big Bear Lake 
and Newport Beach.

October 17: 2:18.* Imperial Valley. Epicenter about 32°44' north, 115°27' 
west, P. Hanging objects swung and small objects and furnishings moved near 
Imperial. Also felt at El Centre.
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October 20: 11:00. San Francisco Bay region. Light shock reported at 
Lafayette and Walnut Creek.

October 20: 22: 50.* San Jacinto Mountains. Epicenter 33°07' north, 116°25' 
west, Agua Caliente fault, near Aguanga, P. Felt at Alpine, Calexico, Descanso, 
Hemet, Lakeside, Palm Springs, San Diego, and Santa Ysabel. Reported strongest 
at Descanso and Hemet.

October 20: 23:17.* San Jacinto Mountains. Epicenter about 33°07' north, 
116°25' west, Agua Caliente fault, near Aguanga, P. Aftershock felt at Descanso,

October 22: 3: 01. Humboldt County. Felt over a land area of approximately 
2,000 square miles. Maximum intensity VI at Scotia where merchandise in gro 
cery and drug stores was thrown from shelves; books were knocked from racks; 
windows and plaster walls were broken; and file boxes weighing 3 to 4 pounds 
were shaken from shelves. Many objects, including quart bo y ties of ink, over 
turned. Three underground pipes were broken. A number of aftershocks were 
reported from Scotia. Small objects and hanging objects were disturbed at 
Bridgeville, Ferndale, and Fortuna. It was felt rather strongly at Alton, Upper 
Mattole, and Weott. Other places reporting it were Arcata, Blue Lake, Briceland, 
Ettersburg, Eureka, Garberville, Loleta, Miranda, Pepperwood, Petrolia, and 
Yager. Subterranean sounds were reported from Yager.

Not felt at Cape Mendocino Light Station, Crescent City, Hayfork, Orick, Trini 
dad, and Rockport. Three aftershocks were reported from Scotia the same day.

Strong motion seismograph records were obtained at Eureka and Ferndale.
October 23: 2: 30 (about). Humboldt County. Strong aftershock felt at Alton, 

Bridgeville, Fields Landing, Fortuna, Scotia. Upper Mattole, and Yager. At 
Scotia plaster was cracked and knickknacks fell. Trees and bushes were shaken 
slightly. Hanging objects swung at Fields Landing. Another aftershock was 
recorded at 6: 50.

October 30: 0:35. Sonoma County. Two short shocks felt at Santa Rosa. 
Police and newspaper offices flooded with calls. Felt in downtown and resi 
dential districts. Possibly an explosion. Not felt at 36 other places canvassed.

October 31: 23 : 25.* Los Angeles region. Epicenter 33°47' north, 118°25' west, 
Santa Monica Bay, P. Felt over a land area of about 1,200 square miles. In 
tensity V or over was reached at several places. At Huntington Park there was 
slight damage to wood, knickknacks fell, water spilled from indoor containers, 
and clocks stopped. At Keystone water spilled from outdoor containers, a china 
cabinet moved on its casters, and slight damage was reported. In Los Angeles 
there were some reports of small objects falling from shelves and swinging of 
chandeliers. One observer reported a small beel moved. At Redondo Beach 
some patrons left the theaters. It was felt rather strongly at Acton, Lomita, and 
Maywood. Other places reporting the disturbance were Alhambra, Avalon, Ingle- 
wood, Long Beach, Mar Vista, Seal Beach, Torrance, Ven'ce. and Wilmington.

The strong-motion seismographs in the Los Angeles Chamber of Commerce 
Buildings were set in operation.

November 1: 5 : 20 * Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt at Redondo Beach.

November 1: 12 : 01.* San Pedro Bay. Epicenter 33°38' north 118°12' west, P. 
Felt at Huntington Beach, Long Beach, Lytle Creek Ranger Station (San 
Bernardino), San Pedro, and Seal Beach. Hanging objects swung at San Pedro.

November 1: 18 : 5S.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt at Inglewood, Keystone. LoinUa, Long Beach. Los Angeles, Mar Vista, 
Maywood, Redondo Beach, San Pedro, Seal Beach, and Wilmington. The shock 
was strongest at Keystone where about 10 windows were broken. Derailing 
machine reported thrown out of adjustment Hanging objects swung in Los 
Angeles and San Pedro.

November 2: 11:15. Humboldt County. Felt at Alton and Scotia. Hanging 
objects swung in Scotia.

November 3: 18:01.* San Bernardino Mountains. Epicenter about 34°20' 
north, 117°00' west, P. Felt at East Highlands.

November 4: 22:05.* Los Angeles region. Epicenter 33°57' north, 118°08' 
west, Norwalk fault, near Downey, P. Light shock felt in Los Angeles. Beverly 
Hills, East Log Angeles, and Monterey Park.

November 6: 12 : 44.* Santa Monica Bay. Epicenter 33°47' north, 118°25' west, 
P. Felt at Redondo Beach, Hermosa Beach, Manhattan Beach, and Torrance.

November 8: 22: 57.* San Bernardino Mountains. Epicenter 34°20' north, 
117°00' west, P. Felt at Fawnskin.
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November 10: 2:25.* Santa Barbara Channel. Epicenter about 34°21' north, 
119°46' west, P. Felt at Galeta, Paradise Camp, and Santa Barbara.

November 16: 23:24. Humboldt and Mendocino Counties. Felt over a land 
area of approximately 2,500 square miles. Maximum intensity did not exceed V. 
A strong-motion record was obtained from the accelerograph at Ferndale. At 
Eureka hanging objects swung, trees and bushes were shaken slightly. Hanging 
objects swung at Ferndale and Fortuna. It was strongly felt at Fields Landing.

Intensity IV at Carlotta, Klamath, Rockport, Upper Mattole, and Westport.
Also felt at Alderpoint, Arcata, Briceland, Bridgeville, Ettersburg, Petrolia, 

and Scotia.
Not felt at Blue Lake, Dyerville, Garberville, Hayfork, and Orick.
November 17: 12:06.* Los Angeles region. Epicenter about 33°55' north, 

118° 13' west, southwest Los Angeles, P. Felt at Huntington Park, Inglewood, 
Los Angeles, Maywood, Gardena and Watts. At Maywood a telephone switch 
board was momentarily thrown out of commission. Hanging objects swung 
at Huntington Park.

November 19: 10:34. Humboldt, Mendocino, and Trinity Counties. Felt over 
a land area of approximately 8,000 square miles. Epicenter probably offshore.

INTENSITY VI:
Briceland. Canned goods thrown off refrigerator; trees and bushes shaken 

strongly.
Bridffeville. Bottles fell from shelves; small objects moved; clocks stopped.
Field, Landing. Small objects and furniture overturned; knickknacks fell; 

trees and bushes shaken slightly.
Garberville. Plaster cracked slightly; trees and bushes shaken slightly.
Honey dew. Small objects overturned; some canned goods thrown from store 

shelves.
Up^er Mattole. Loose bricks thrown from chimney; small objects and fur 

nishings moved.
Westport. Chimneys cracked. Hanging objects swung.

INTENSITY V:
Capetown. A few objects displaced; suspended objects swung. 
Eureka. Small objects moved. Hanging objects swung in circles. 
Fortuna. Hanging objects, trees, and bushes shaken.

INTENSITY IV:
Alderpoint, Arcata, Blue Lake, Carlotta, Cummings, Dos Rios, Dyerville, Elk. 

Ferndale, Forest Glen, Fort Seward, Harris, Hyampon, Island Mountain, Loleta, 
Miranda, Myers, Petrolia, Punta Gorda Light Station, Rockport, Salyer Ranger 
Station, Scotia, Trinidad, Weott, Willits, and Yager.

INTENSITY I TO III:
Albion, Bell Springs, Branscomb, Fort Bragg, Kneeland, and San Juan Creek.
Not felt at Boonville, Cape Mendocino Light Station, Casper, Covelo, Crescent 

City, Elk Creek, Hearst, Hoopa, Lake Mountain, Navarro, Orick, Paskenta, 
Philo, Point Arena, Potter Valley, Red Bluff, Redding, Redwood Valley, Requa, 
Ukiah, Weaverville, Willow Creek, and Zenia.

November 24: 5:05.* Imperial Valley. Epicenter about 32°44' north, 115°27' 
west, P. Moderate shock felt at Brawley.

November 25: 22:27.* Los Angeles region. Epicenter 33°47' north, 118°25' 
west, off Palos Verdes, P. Felt slightly at Redondo Beach.

December 7: 14 :16.* Near head of Gulf of California. Epicenter about 31°40' 
north, 15°05' west, P. Felt at Calexico, Dulzura (Barrett Dam), Heber, Ja- 
cumba, Lakeside, San Diego, and Spring Valley. In San Diego chandeliers and 
otner suspended objects swung and many objects were disturbed. One clock 
stopped.

December 9: 0: 20.* Near San Bernardino Mountains. Epicenter 33°56' north, 
116°45' west, near Cabazon, P. Felt at Banning, Beaumont, Cabazon, Palm 
Springs, and San Gorgonia Pass.

December 20: 15:41. Northern California. Epicenter probably off Cape 
Mendocino. Felt over a land area of about 9,000 square miles. Maximum in 
tensity VI. Strong motion seismograph records were obtained at Ferndale and 
Eureka.
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INTENSITY VI:
Beribow. Plaster cracked; a few small objects overturned; water spilled from 

containers.
Briceland. Small objects overturned; clocks stopped.
Ettersburff. Vases and small objects overturned; water spilled from con 

tainers.
Ferndale. Small objects overturned.
Fort Bragg. Dishes broken; books fell over; liquids spilled from indoor 

containers. One building swayed visibly.
Garberville. Vases overturned; small objects moved.
Rockport. Vases overturned; knickknacks fell.

INTENSITY V:
Fields Landing. Small objects moved; water spilled from containers. 
Forest Glen. Small objects moved; liquids spilled from containers. 
Harris. Small objects moved ; trees and bushes shaken. 
Petrolia. Small objects moved ; liquids spilled from containers. 
Punta Gorda Light Station. Clocks stopped. Small amount of quicksilver 

spilled out of base of light.
Upper Lake. Small objects moved; trees and bushes shaken. 
Upper Mattole. Small objects moved.
Weott. Small objects moved ; liquids spilled from containers. 
Willits. Clocks stopped.
INTENSITY IV:
Albion, Alderpoint, Arcata, Blocksburg, Blue Lake, Branscomb, Cape Mendo- 

cino, Carlotta, Covelo, Comptche, Dyerville, Eureka, Island Mountain, Littleriver, 
Potter Valley, Scotia, Ukiah, Weaverville, Westport, and Yager.

INTENSITY I TO III:
Casper, Cummings, Dos Rios, Hayfork, Lake Mountain, Kneeland, Philo, and 

San Francisco.
Not felt at Big Bar, Boonville, Cazadero, Cloverdale, Crescent City, Geyser- 

ville, Hoopa, Hopland, Klamath, Lakeport, Lodoga, Orick, Orleans, Paskenta, 
Platina, Point Arena, Red Bluff, Redding, Sawyers Bar, Stewarts Point, Trinidad, 
Wilbur Springs, Willows, and Yreka.

Not felt in Oregon at Grants Pass, Klamath Falls, Brookings, Gold Beach, 
and Medford.

WASHINGTON AND OREGON

[120TH MERIDIAN OH PACIFIC STANDARD TIME]

NOTE. More details will be found in Abstracts of Earthquake Reports for the Pacific 
Coast and Western Mountain Region.

JanuaryS: 24:00 (about). Ephrata, Wash. Weak.
March 23: 15: 30 (about). Puyallup, Wash. Moderate shock disturbed objects 

and swung chandeliers.
March 23: 19: 04. Mount Rainier area, Washington. Rather widely felt shock 

did not exceed IV at any point. Strongest at Cle Elum, Enumclaw, Hyak, Long- 
mire, North Bend, Palmer, and Sumner. Also felt at Buckley, Cashmere, Chelan, 
Elbe, National, Olympia, Omak, Packwood, Renton, Seattle, and Shelton.

Not felt at Ariel, Centralia, Ellensburg, Elma, Ephrata, Greenacres, Lucerne, 
Moses Lake, Okanogan, Orondo, Puyallup, Prosser, Quincy, Republic, Seattle, 
Skykomish, Sunnyside, Tacoma, Tonasket, Toppenish, Wapato, Waterville, Wenat- 
chee, and Yale.

March 24: 10: 00 (about). Hyak, Wash. Weak aftershock.
April 25: 10: 02 and 10:11. Seattle, Wash. Two light shocks.
May 25: 8:02. Oregon west coast (Lincoln County). At Waldport small ob 

jects and furnishings were moved. Also felt at Toledo, De Poe Bay, and 
Nashville.

October 27: 14:30 (about). Puget Sound region, Washington. Intensity V 
earthquake felt over a land area of about 12,000 square miles in the area draining 
into Puget Sound. The maximum intensity was reported from various places 
extending from Bellingham south to Seattle. No structural damage was reported.
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The questionnaire coverage was made jointly by the Seismological Field Survey 
and Dr. Harold E. Culver, head of the department of geology, Washington State 
College, collaborator in seismology for the State of Washington. The shock 
appeared to be strongest in the Port Angeles-Port Townsend-Everett area. 

All places listed below are in Washington unless otherwise stated.

INTENSITY V:
Bellingham. Small objects moved.
Big Four. Visible swaying of flagpole, trees, and buildings, Small objects 

disturbed. Small landslide reported in Big Four Mountains.
Brinnon. Small objects moved; hanging objects swung.
Edgecomb. Small objects moved; trees and bushes shaken.
Everett. Many objects disturbed. Coffee slopped from cup. Rain gage re 

corder registered disturbance.
Oreenwater, Visible swaying of buildings. Dishes and other objects 

placed.
Mount Vernon. Small objects moved, some overturned; hanging objects dis 

turbed. Trees and bushes shaken.
North Bend Ranger Station. Small objects moved.
Port Angeles. Chandeliers swung, bed moved, pictures disarranged; observer 

left building. Many telephone inquiries at police station.
Port Townsend. Many small objects disturbed; lighting fixtures swayed; stove 

rattled. Piling in harbor reported moving to and fro. Bumping sounds.
Seattle. Many small objects and some furniture moved. Suspended objects, 

trees, and bushes disturbed. Slight swaying of buildings. Faint bumping 
sounds.

Stampede. Several objects disturbed; mirrors and pictures swayed. Faint 
bumping sounds.

dis-

124' 122° 120°

47
47'

124° 122° 120°

FIGDBB 7. Area affected by the Puget Sound earthquake of October 27, 1940.

INTENSITY IV:
Alder, Anacortes, Blaine, Bothell, Clinton, Camano Island, Concrete, Coupeville, 

Darrington, East Sound, Everson, Friday Harbor, Hartford, Kent, Keyport, Mon- 
roe, Port Ludlow, Port Orchard, Preston, Scenic, Sedro-Woolley, Skykomish, 
Skykomish Salmon Hatchery, Snohomish, Snoqualmie, Stanwood, and Sultan.

INTENSITY I TO III:
Baldi, Brooklyn, Clallam Bay, Enumclaw, Mazama, Palmer, Potlatch, Puyallup, 

Quilcene, and Sequim.
Not felt at Ashford, Buckley, Castle Rock, Cathlamet, Centralia, Chehalis, Cle 

Elum, Diablo, Forks, Gig Harbor, Glacier, Grapeview, Hyak, Joyce, Kalama, 
Kelso, Kosmos, Lakebay, Lester, Lucerne, Mineral, Moclips, Monroe, Naselie,
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Neah Bay, North Head, Oakville, Point Angeles, Point Roberts, Pysht, Quinault, 
Handle, Rockport, Sandsburg, Shelton, Spirit Lake, South Bend, Tacoma, Tatoosh 
Island, Vashon, Washougal, Wenatchee, Wintpn, Yacolt, and Yelm.

The shock was felt slightly in Vancouver, British Columbia.
November 13: 22:30. Tacoma-Olympia area in Washington. Epicenter 47.7° 

north, 121.5° west, according to Jesuit Seismological Association. Light shocks 
accompanied by subterranean sounds reported by many residents of Tacoma, 
Olympia, and nearby points. Felt at Brown's Point, Dash Point, Fox Island, La 
Grande, and Lakebay. Reported not felt in some sections of Tacoma, Seattle, 
Port Angeles, Tatoosh Island, and Neah Bay.

November 18: 23:00 (about). Tacoma, Wash. Slight.
November 25: 3: 00, 4 : 47, and 11: 00 (about). Tacoma, Wash. Feeble shocks 

reported by residents at various times.

ALASKA

[150TH MERIDIAN TIME]

January 2: 23:57. Fairbanks. Light shock felt by many.
January 5: 23: 30. Fairbanks. Felt by few.
January 6: 2: 56. Big Delta and Fairbanks. Everyone awakened at Big Delta. 

Felt by many in Fairbanks.
January 6: 21: 25. Fairbanks. Light shock felt by many.
January 26: 16 : 27. Fairbanks. Felt by several. Second shock at 17: 05 lighter 

than first.
February 12: 0:22. False Pass and Port Moller. Awakened all. Hanging 

objects swung.
March 5: 12: 37, 13 : 01, 13 : 55. McKinley Park and Healy. Moderate shocks 

of explosive type about the same at both places. Third shock rather violent, stop 
ping clocks and moving small objects. McKinley Park reported additional shocks 
at 15:15, 15:32, 16:35, 19:52, 20:33, and 21:43. The 19:52 shock stopped 
clocks. Fairbanks reported light shocks at 13:01 and 13:55 and somewhat 
stronger ones at 19: 53 and 20: 28. Broad Pass felt the shocks slightly. Nenana 
reported only the two strongest felt.

March 6: 22: 19. Fairbanks. Slight.
March 8: 19 : 05. Fairbanks. Slight.
March 22: 17:59. Fairbanks. Slight.
April 12: 10:22. Fairbanks. Slight.
May 4: 10:14. Anchorage. Slight.
May 23: 18 :17. Fairbanks. Felt by most of population.
June 12: 13 : 05. Big Delta. Slight.
June 13: 9:19. Fairbanks. Felt by many.
July 19: 6:30. Anchorage, VI. Walls cracked, damage slight. Small objects 

moved; hanging objects swung. Many residents awakened.
August 21: 16: 27.* Epicenter 51.9° north, 164.9° west, about 250 km. S. 27° E. 

of Dutch Harbor. Recorded widely on seismographs. Felt at Dutch Harbor. 
At Unalaska buildings rocked and dishes rattled.

August 29: 21: 32. Fairbanks. Felt by large part of population. Some light 
objects displaced.

September 12: 21: 51. Fairbanks. Felt by many.
September 22: 11: 40. Fairbanks. Felt by several.
October 10: 21: 56. Anchorage. Felt by many. Suspended objects swung.
November 2: 11:08. Juneau. Felt by few.

HAWAIIAN ISLANDS

[157J MERIDIAN (WEST) TIME]

NOTE. In the case of the_se islands with their many earthquakes of volcanic origin, 
only the stronger ones are listed. Reports of the Hawaiian Volcano Observatory under 
the jurisdiction of the National Park Service give all details. "HVO" indicates that the 
epicenter was determined by the Hawaiian Volcano Observatory.

January 19: 14:24 Hookena, Hawaii. Weak tremor accompanied by sounds 
reported by one observer.

June 16: 23: 57.* Strong submarine shock north and east of Hawaiian Islands 
reported felt on all islands. Epicenter, as determined with the cooperation of 
the Hawaiian Volcano Observatory, 21.0° north, 155.3° west. The observatory 
reported 39 aftershock epicenters in the same general area through June 28.
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Aftershocks were felt on Hawaii, Maui, and Oahu at 7: 47 and 12: 39 on the 17th. 
Many residents of the islands were awakened by the main shock but damage was 
insignificant.

lie earthquake was reported felt at sea by the American Steamer Monterey 
in latitude 22°27'00" north, longitude 155°45'00" west. The ship experienced 
a very heavy vibration.

At Hilo, on the island of Hawaii, all residents were awakened, and small 
objects moved. At Kaunakakai vases overturned, glass was cracked, and water 
spilled from containers, Maui experienced sharp shocks, all residents being 
awakened, many jumping from their beds. Some medicine bottles were broken 
and clocks were reported stopped. On Molokai dishes were displaced and, as on 
the island of Lanai, all residents were awakened. On Oahu and Kauai the 
earthquake was generally felt and many residents were awakened. In Hono 
lulu the intensity seemed about as great as on the islands closer to the epicenter.

July 15: 21:13.* Light shock reported felt in parts of Hawaii and Maui.
July 15: 16:48.* Strong aftershock of earthquake of June 16 felt in all of 

the islands except Kaui, 20°54' north, 155°08' west, HVO.
July 19: 7: 42.* Light offshore shock felt at Kohala, T. H.
August 5: 3:27.* Northeast rim of Kilauea Crater near National Park Head 

quarters, 19°25.7' north, 155°15.5' west, HVO. Many persons in immediate 
vicinity of epicenter awakened.

August 5: 7: 31.* Northeast rim of Kilauea Crater, 19°25.5' north, 155°15.5' 
west, HVO. Felt in Hawaii National Park.

September 1: 22:15.* Aftershock of June 16 earthquake felt generally on 
island of Hawaii, 2l°00.0' north, 155° 16.0' west, HVO.

October 26: 19:57. Felt sharply by many at Pahala; also felt in Hawaii 
National Park. Epicenter, east slope of Mauna Loa, 19°31.0' north, 155°26.5' 
west, HVO.

October 28: 21: 27. Felt by a few at Hilo. Epicenter, between Puu Ohale 
and Keahou Landing, 19°20.0' north, 155°16.0' west, HVO.

November 27: 22: 12. Reported felt at Paauhau. Recorded instrumentally on 
Hawaii.

December 9: 6:51. Reported felt at Hookena. Recorded instrumentally on 
Hawaii.

PHILIPPINE ISLANDS

[120TH MERIDIAN (EAST) TIME]

NOTE. In the case of these islands with their many minor earthquakes only the stronger 
ones are listed. Reports of the Weather Bureau of the Philippine Islands give all details. 
Instrumental times given below are arrival times of the first preliminary tremors recorded 
at Manila unless otherwise stated. The intensities are according to the Rossi-Forel scale. 
Information in this report is taken from reports of the Weather Bureau of the Philippine 
Islands, that for the last 6 months being taken from the instrumental bulletins only.

January 23: 19: 30.* Luzon. Epicenter in Lamon Bay. Felt with intensity IV.
February 22: 21: 32.* Northern Luzon. Epicenter in Babuyan Islands. Felt 

with intensity V.
March 2: 14: 35.* Samar and Leyte. Felt with intensity IV.
March 13: 6: 20.* Northern Luzon. Felt with intensity IV.
Mcrch 28: 23:49.* Luzon and Mindoro. Felt with intensity IV-V in Manila. 

Radius of microseismic area about 400 km.
April 8: 10:50.* Southeastern Luzon and Samar. Epicenter in Philippine 

Deep. Felt with intensity V.
April 14: 22:36.* Northeastern Mindanao. Epicenter in Philippine Deep. 

Felt with intensity IV.
June 1: 6:36.* Southeastern Visayas and Northern Mindanao. Epicenter in 

Bohal Strait. Felt with intensity IV.
July 19: 4: 24.* IV at Dapa.
July 23: 17 : 21.* IV at Dapa.
September 1: 16:16.* Near 9°45' north, 126°35' east. Felt in northeastern 

Mindanao and eastern Leyte.
September 8: 3: 26.* Near 9° north, 126°50' east. Felt in eastern Mindanao.
September 14: 15:05.* Felt in Catbalogan, Borongan, Tacloban, Cebu, and 

Iloilo.
October 16: 6: 39.* About 9°50' north, 126°20' east. Felt at Surigao and 

Butuan.
October 20: 18:56.* 14°35' north, 122°50' east. Felt in southern Luzon.
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PUERTO RICO

No earthquakes reported felt in 1940.

PANAMA CANAL ZONE

[75TH MERIDIAN TIME]

NOTE. Instrumental times given below are the arrival times of the first recorded phases 
on the seismograph at Balboa Heights unless otherwise stated.

May 16: 21: 00.* Epicenter about 120 miles from Balboa Heights. Felt locally 
by many people, some of whom were frightened. Intensity II.

July 13: 11:48.* Epicenter about 125 miles from Balboa Heights. Generally 
felt. Intensity II.

MISCELLANEOUS ACTIVITIES

During 1940 no geodetic operations for studying earthquake movements were 
carried on by the Coast and Geodetic Survey. No tidal disturbances of seismic 
origin were noted on the gages of the Survey, nor were any earthquakes reported 
by vessels of the Bureau.



SEISMOLOGICAL OBSERVATORY RESULTS

The Coast and Geodetic Survey publishes the results of its tele- 
seismic stations and cooperating stations monthly in mimeographed 
form. In these reports all seismogram interpretations are tabulated, 
together with epicenters based on the published data and instrumental 
results received from seismological stations in all parts of the world. 
These reports will be furnished upon request to the Director of the 
Survey.

Instrumental results are published for the following observatories:
Balboa Heights, C. Z. (the Panama Huancayo, Peru (Carnegie Institution

Canal). of Washington).
Bermuda (Meteorological Station, St. Ivigtut, Greenland (Geodaetisk Institut,

George's, and International Union of Copenhagen, Denmark).
Geodesy and Geophysics). Lincoln, Nebr. (Nebraska Wesleyan

Boulder City, Nev. (Bureau of Recla- University).
mation, National Park Service). Logan, Utah (Utah State Agricultural

Bozeman, Mont. (Montana State Col- College).
lege). Montozuma, Chile (Smithsonian Insti-

Burlington, Vt. (University of Ver- tution).
mont). Philadelphia, Pa. (Franklin Institute).

Butte, Mont. (Montana School of Salt Lake City, Utah (University of
Mines). Utah).

Chicago, 111. (University of Chicago and San Juan, P. R.
United States Weather Bureau). Seattle, Wash (University of Washing- 

College, Alaska (University of Alaska). ton). 
Columbia, S. C. (University of South Scoresby-Sund, Greenland (Geodaetisk

Carolina). Institut, Copenhagen, Denmark).
Des Moines, Iowa (Private station, Sitka, Alaska.

M. M. Seeburger, director). Tucson, Ariz.
East Machias, Maine (Massachusetts Ukiah, Calif. (International Latitude

Institute of Technology). Observatory). 
Honolulu, T. H. (University of Hawaii).

San Juan, Sitka, Tucson, and Ukiah are Coast and Geodetic Survey 
stations; Bermuda, Bozeman, Butte, Chicago, College, Columbia, 
Honolulu, Lincoln, and Salt Lake City are cooperative stations; Bal 
boa Heights, Burlington, Des Moines, East Machias, Huancayo, Logan, 
Montezuma, Philadelphia, and Seattle are independent stations. 
Through arrangements made by the International Union of Geodesy 
and Geopyhsics the Coast and Geodetic Survey is temporarily aiding in 
the maintenance of the Danish stations at Scoresby-Sund and Ivigtut 
in Greenland. All readings are made or revised at the Washington 
office except those for Balboa.

The tabular summary of instrumental results for 1940 was not ready 
when this publication went to press.
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STRONG-MOTION SEISMOGRAPH RESULTS

INTRODUCTION

During the latter part of 1932, the Coast and Geodetic Survey 
inaugurated a program of recording strong ground movements in 
the seismically active regions of the country to obtain data needed 
in the design of earthquake-resisting structures. Notes pertinent to 
the development of this program will be found in the seven preceding 
issues of this series, Serials 579, 593, 600, 610, 619, 629, and 637, and in 
Special Publication 201, "Earthquake Investigations in California, 
1934-35." Material in the "United States Earthquakes" series is 
restricted to the analysis is strong-motion seismograph records. 
Special Publication 201 is much broader in scope, containing data on 
structural and ground vibrations and detailed descriptions of the 
various activities which comprise the seismological program as a 
whole. The reader is also referred to Special Publication 206, "Selec 
tion, Installation, and Operation of Seismographs," for descriptive 
material on strong-motion instruments and vibration meters in 
addition to similar information on teleseismic instruments.

Interpretation of records. The following analyses are based on the 
assumption of simple harmonic motion. This refers especially to 
the computation of displacement from accelerograph records. As 
most accelerograph records are of irregular character, and the charac 
ter of the longer-period waves is often obscured by the superposing-of 
shorter-period waves of relatively large amplitude, the estimates of 
displacement must be considered as only approximate. One must refer 
to the illustrations of the curves themselves to evaluate the probable 
accuracy of the estimated displacements.

For the more important records those involving destructive ground 
motions the use of integration methods in computing velocity and 
displacement curves has become established practice. The accuracy 
of such work, as well as an appraisal of instrumental performance, 
has been definitely established through accelerometer shaking table 
tests made at, and with the cooperation of, the Massachusetts Insti 
tute of Technology. In the displacement results the errors of mensu 
ration, computation, and adjustment can be kept Avithin a range of 
1 cm. Errors due to minute shiftings of the zero positions of the 
pendulums on pivot accelerometers increase this range of error to 
about 2 or 3 cm. In both cases the errors apply only to displacements 
of a slow drifting type, somewhat similar to waves of about 10 seconds 
period and over. But they represent motions that are necessarily 
associated with extremely small accelerations and are therefore of 
no significance in engineering studies.

For 1940 the only record thus processed was the El Centre ac 
celerograph record of the Imperial Valley earthquake of May 18. 
This record represents the most violent seismic motion yet satisfac 
torily recorded. As far as can be ascertained, the accelerations were 
as great or possibly greater than those recorded at Long Beach in 
1933. Unfortunately, a large part of the most active portion of the

36
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latter record is illegible. During the current year a recomputation of 
displacement was made in the case of the Helena record of October 
31, 1935, as some of the questions raised in Serial 600 were definitely 
answered by the shaking table tests previously mentioned.

Units used. Quantitative results are expressed in c. g. s. units; 
centimeters or millimeters for displacement; centimenters per second 
for velocity; and centimeters per second per second for acceleration. 
It is sometimes desirable to express acceleration in terms of the ac 
celeration of gravity, indicated oy "g," which is equal to 980 cm./sec.2 
For practical purposes it is only necessary to point off three decimal 
places to convert cm./sec.2 to "g."

Sensitivity of the seismographs is expressed as the deflection of the 
trace, or light spot, in centimenters for a constant acceleration of 100 
cm./sec. 2 This means that the seismometer pendulum is tilted side 
ways until the effective component of the earth's gravitational field 
is equal to 100 cm./sec.2 , or practically 0.1 g.

The following are constants which may be used in converting c. g. s. 
units to the customary English units:

1 cm.=0.3937 in.=0.03281 ft. 1 cm.=10 mm.
1 cm./sec.=0.03281 ft./sec. 0.1 g.=98 cm./sec.2 ==3.215 ft./sec. a.
1 cm./sec.2 =0.03281 ft./sec.2 . 1 (statute) mile=1.609 km.

Damping ratio of the pendulum is the ratio between successive 
amplitudes when the pendulum oscillates under the influence of the 
damping force alone.

Seismogram illustrations. Reproductions of seismograms are usu 
ally tracings of the original records and must not be accepted as 
genuine copies. They are intended to show the nature of the data 
rather than furnish a means through which the reafler can make his 
own measurements. Those who desire true copies for .critical study 
should address the Director of the Coast and Geodetic Survey for 
further particulars.

The tabulated instrumental constants refer to the original records. 
The tracings in this publication are reduced so that the same scales 
do not apply. The reductions are approximately in the ratio of 1.7 
to 1. (See table 1 on p. 38 for list of records obtained in 1940.)

NOTES ON STRONG-MOTION SEISMOGRAPH RECORDS

The practice of attempting to describe the seismograms in detail 
in the text is believed to be rather superfluous because the outstanding 
periods are listed in tables, such as table 2 in this issue, and the illus 
trations provide a far better picture of the records than can be ob 
tained in any other way. The following notes will therefore contain 
only such information on the earthquakes and the records which may 
not be evident from table 2 or from the illustrations. For convenience 
certain fundamental informtaion on the earthquakes will be repeated 
from the noninstrumental part of the publication.

It is well to repeat here that, as the measurement of periods on 
records of this nature is dependent largely on the judgment of the 
person reading them, considerable latitude must be allowed in apprais 
ing their accuracy. The aim of such analyses is primarily to give a 
fair picture of the magnitudes of the various elements involved, and 
the figures tabulated should therefore not be used for important studies
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without first referring to the illustrations for some idea of the nature 
of the original records.

TABLE 1. List of shocks recorded and records obtained on strong-motion
seismographs in 1940

Records

Date, epicenter, and recording station

Mav 18: Imperial Valley: l

Oct. 10: Santa Monica Bay:

Oct. 31: Santa Monica Bay: Los Angeles Chamber of Corn-

Dec. 20: Cape Mendocino:

Accelero- 
graph

j

j
j

2

1
1

1
2
3

1

1
1

26

Displace 
ment 
meter

1

1

2

Weed strong- 
motion 

seismograph

1

1

1 A number of weak Aftershocks of this quake were recorded at El Centre. Some of them were recorded 
at the Los Angeles Chaiiiber t>t Commerce Station and at Hollywood. 

- Aftershock of the foregoing.

EARTHQUAKE OF JANUARY 12 NEAR LOS ANGELES

Epicenter near Long Beach. Intensity about V. 
Vernon. Figure 8. About 15 miles N. 14° W. of epicenter. Inten 

sity about III. Weak record; maximum acceleration about 2 cm./sec.2

IMPERIAL VALLEY EARTHQUAKE OF MAY 18

Maximum intensity X. See special report on page 58. Epicenter in 
the Imperial Valley about 6 miles northeast of Calexico. Earthquake 
was featured by a 40-mile fault with maximum horizontal slippage 
nearly 15 feet, close to the border. Felt over a land area of about 
60,000 square miles.

El Centra. Figures 8, 9, and 18. Station about 7 miles N. 52° W. 
of the instrumental epicenter, and about 13 miles N. 49° W. from the 
point of maximum slippage on the fault. Intensity VII to VIII. A 
valuable accelerogram was obtained, containing also records of a num 
ber of weak aftershocks. The maximum acceleration on the vertical 
component was about 220 cm./sec.2 associated with a period of 0.102 
sec. On the horizontals the maximum resultant acceleration was about 
350 cm./sec. 2 associated with a period of about 0.4 sec. The maximum 
acceleration reached in the aftershocks on May 18 was about 80 
cm./sec.2
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Down

South

West

0 Seconds

January 12.

1 _ ________!?__
Vernon accelerograph record.

Down

South

West

Q_ _Seconds _ J. 5 10

May 18 aftershock. El Centre accelerograph record,

Down

_ .2. _Seponds_ __

May 18 aftershock. El Centre accelerograph record.

FIGURE 8. Tracings of Vernon accelerograph record of January 12, 1940, and El Centro 
accelerograph records of two aftershocks on May 18, 1940.
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Down

North

0 Seconds 10

October 10. Vernon accelerograph record

Down

West

North

0 _Se_concte _____£__ _______ ̂  ______

October 10. Hollywood. Basement accelerograph record.

Down

West

North

0 Seconds 

October 10.

5

Hollywood. Lot accelerograph record.

Down

0 Seconds 10

October 10. Los Angeles Chamber of Commerce 
llth floor accelerograph record.

Down

N 50° W
*^+~+**-~ s/'*'*^

N40° E

0 Seconds 10

October 10. Los Angeles Chamber of Commerce 
Basement accelerograph record.

FIGURE 13.- Tracings of accelerograph records obtained at Vernon and Hollywood, and 
in tlie Los Angeles Chamber of Commerce building en October 10. 1940.
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Down

N40°E

S50°E

_ 0 _Seconds_ _ __ __jj_________ 1.0____

October 31 Los Angeles Chamber of Commerce building, 

llth floor accelerograph record.

Down 
N50U W "~

0 Seconds __ ___ >___ ___ _ I? _

October 31. Los Angeles Chamber of Commerce building. 

Basement accelerograph record.

Down
*wX* ^ *

Northeast
OifcXNrll"   ******S*>t*^

Southeast

0 Seconds _ _ _ 

November 16.

JMA/^-ivVV^

5______ __io_

Ferndale accelerograph record.

Down

North

»JU^yJU\UUxvAv ^^~~^-w

East

0 Seconds_ _ _ _ 

December 23.

10

Helena accelerograph record.

FIGURE 15. Tracings of accelerograph records obtained in Los Angeles Chamber of 
Commerce building on October 31, 1940, at Ferndale on November 16, 1940, and at 
Helena, Mont., on December 23, 1940.
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See page 58 for a comprehensive analysis of the El Centre accelero 
gram.

San Diego. Figure 12. Station about 99 miles S. 89° W. of the 
instrumental epicenter. Intensity IV to V. Maximum, acceleration 
4 cm./sec.2

San Bemardino. Station about 142 miles N. 48° W. of epicenter. 
Intensity IV. Maximum acceleration about 1 cm./sec.2 Very weak 
record, on smoked glass, not reproduced.

Los Angeles Subway Terminal Building. Figure 10. Station about 
186 miles N. 61° W. of epicenter. Maximum acceleration 1 cm./sec. 2 
in the basement; 5 cm./sec. 2 on the thirteenth floor. The displacement- 
meter in the basement shows long-period motion (period about 12.6 
sec.) of about 0.73 cm. amplitude. The basement accelerograph record 
is not shown.

Los Angeles Chamber of Commerce Building. Figure 11. Station 
about 186 miles N. 61° W. of epicenter. The motion was less than 
1 cm./sec.2 in the basement, and 4 cm./sec. 2 on the eleventh iioor. The 
basement record is not shown.

Hollywood Storage Co. Building. Figure 12. Station about 192 
miles N. 61° W. of epicenter. The maximum accelerations on the 
adjoining lot, in the basement, and in the penthouse were 1, 2, and 
8 cm./sec.2 , respectively. The ground records are not shown.

IMPERIAL VALLEY AFTERSHOCK OF MAY 19

Epicenter in the Imperial Valley a short distance north of the Mex 
ican border. Aftershock of the foregoing earthquake.

El Centra. Station about 7 miles N. 52° W. of epicenter. Instensity 
about III. Maximum acceleration 7 cm./sec. 2 Record not shown.

NORTHERN CALIFORNIA EARTHQUAKE OF SEPTEMBER 27

Epicenter at sea off Cape Mendocino. Maximum intensity on land

Fenidule. Figure 12. Distance and bearing from the epicenter un 
known. Intensity about IV. Maximum acceleration about 17
cm./sec.2

SANTA MONICA BAY EARTHQUAKE OF OCTOBER 10

Maximum intensity about VI. Slight damage.
Vern.on. Figure 13. Station about 19 miles N. 40° E. of epicenter. 

Intensity about V. Maximum acceleration about 15 cm./sec.2
Los Angeles Chamber of Commerce Building. Figure 13. Station 

about 20 miles N. 25° E. of epicenter. Intensity about V. Maximum 
acceleration about 2 cm./sec. 2 in the basement, and 7 cm./sec.2 on the 
eleventh floor.

Hollywood Storane Co. Building. Figures 13 and 14. Station about 
22 miles N. 10° E. of epicenter. Intensity about IV. Maximum 
acceleration 3, 2, and 3 cm./sec. 2 on the adjoining1 lot, in basement, and 
in penthouse, respectively.
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NORTHERN CALIFORNIA EARTHQUAKE OF OCTOBER 2 2

Epicenter probably near Cape Mendocino. Maximum intensity 
about VI.

Ferndale. Figure 14. Distance and bearing from epicenter not 
known. Intensity about IV. Maximum acceleration 2 cm./sec. 2

SANTA MONICA BAY EARTHQUAKE OF OCTOBER 3 1

Maximum intensity V to VI. No structural damage.
Los Angeles Chamber of Commerce Building. Figure 15. Station 

about 20 miles N. 25° E. of epicenter. Intensity IV to V. Maximum 
acceleration about 2 cm./sec.2 in the basement, and about 5 cm./sec. 2 
on the eleventh floor.

CAPE MENDOCINO EARTHQUAKE OF NOVEMBER 1G

Maximum intensity about V. No damage.
Ferndale. Figure 15. Distance and bearing from epicenter not 

known. Intensity V . Maximum acceleration about 16 cm./sec. 2

CAPE MENDOCINO EARTHQUAKE OF NOVEMBER 19

Maximum intensity about VI. Some cracked plaster and chimneys. 
Ferndale. Figure 14. Distance and bearing from epicenter not 

known. Intensity IV. Maximum acceleration about 37 cm./sec. 2

CAPE MENDOCINO EARTHQUAKE OF DECEMBER 20

Maximum intensity about VI. Slight damage.
Ferndale. Figure 16. Distance and bearing from epicenter not 

known. Intensity VI; slight damage. Maximum acceleration 34 
cm./sec. 2

Eureka. Figure 16. Distance and bearing from epicenter not 
known. Intensity IV. Maximum acceleration 4 cm./sec. 2 ; maximum 
displacement 0.27 cm.

The acceleration record was used to test the accuracy of the dis 
placement obtained by double integrating the acceleration curves. It 
is expected that the detailed results will appear in a 1942 or 1943 num 
ber of the Bulletin of the Seismological Society of America. A certain 
amount of drift, between 1 and 2 cm., was found in the computed dis 
placement, when compared with the displacement-meter record, even 
though the ground motions were not severe. This is attributed mostly 
to minute shifting of the zero position of the accelerometer pendulum 
and to inaccuracies in scaling the acceleration curve.

MONTANA EARTHQUAKE OF DECEMBER 2 3

Epicenter near Helena. Maximum intensity about V. Some plas 
ter cracked and pictures knocked from walls.

Helena. Figure 15. Bearing from epicenter not known; distance 
very few miles. Maximum intensity V; slight damage. Maximum 
acceleration 64 cm./sec.2
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TABLE 2. Summary of strong-motion seismograph data for the year 1940
[See the text preceding this table for additional details. Simple harmonic motion is assumed when com 

puting displacement from an accelerogram and when computing acceleration from a displacement-meter 
record]

EARTHQUAKE OF JAN. 12, NEAR LONG BEACH

Station and component

Vernon accelorograph:

N. 8° E.-S. 8° W_. ........
N. 82° W.-S. 82° E. ........

Earth- 
wave 
period

Seconds 
0.30
0.1 
0.20
0.20

Maximum 
acceleration

Cm./sec.t
1
1  
2
2

Maximum 
displace 

ment

Cm. 
0.002
0. 001 

Remarks

Do.

IMPERIAL VALLEY EARTHQUAKE OF MAY 18

El Centro accelerograph:

San Diego accelerograph:

San Bernardino, Weed seismo 
graph:

Los Angeles Subway Terminal, 
basement accelerograph:

N. 39° E.-S. 39° W. ....__...
N. 51° W.-S. 51°E. ........

Los Angeles Subway Terminal, 
basement displacement   
meter: 

N. 39° E.-S. 39° W. ....... .

N. 51° W.-S. 51°E. ........

0.41 
0.34 
0.25 
0.193 
0.130 0. 123* 
0. 106* 
0. 092* 
0. 079* 
2.93 
1.07 
0.73 
0.42 0. 25* 
0. 19* 
0. 181* 
0. 161 
4.00 
1.33 
1.06 
0.53 
0.48 0.26" 
0. 193* 
0. 174* 
0. 137

0.13 
Irregular 

0.41 
0.16 

Irregular 
0.40 

Irregular

2.2 
Irregular

Irregular 
Irregular 
Irregular

12.5 
7.0 
4.0 

12.8
5.5

18 
17 
22 
38 
66 

108 
259 
153 
102 

7 
80 

116 
50 

113 
119 
314 
166 

7 
7 

67 
110 

53 
166 
169 
148 
120

1 
2 
2 
1 
4 
3 
5

1
1+

1   

1 
1

1-
1    

1   

1- 
1-

0.077 
0.050 
0. 035 
0. 036 
0. 028 
0.041 
0.074 
0.033 
0.016 
1.6 
2.3 
1.6 
0.22 
0.179 
0.109 
0.260 
0.109 
3.0 
0.33 
1.9 
0.78 
0.31 
0.284 
0.159 
0.114 
0.057

0.001-

0.011 
0.001

0.011

0.14

0.73 
0.46 
0.29 
0.30 
0.49

The tabulated readings were made 
on the original accelerogram. 
For further analysis see special 
article on page 58 abstracted from 
Coast and Geodetic Survey re 
port MSS-9, Analysis of the El 
Centro Accelerograph Record of 
the Imperial Valley Earthquake 
of May 18, 1940. (*) indicates 
periods which are also outstand 
ing in several strong aftershocks.

Off sheet. Amplitude estimated.

Do. 
Superposed on longer period waves.

Off sheet. Amplitude estimated. 

Do.

Oft sheet. Superposed on longer 
period waves.

Superposed on longer period waves.
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TABLE 2. Summary of strong-motion seismograph data for the year 1940 Con.
IMPERIAL VALLEY EARTHQUAKE OF MAY 18 Continued

Station and component

Los'Angeles Subway Terminal, 
13th floor accelerograph: 

X. 39°E.-S. 39° W.--__----

x:si° w.-s. 51° E. ........
Los Angeles Chamber of Com 

merce Bldg., basement ac 
celerograph: 

X. 40° E.-S. 40° \V._ 
X. 50° W.-S. 50° E. ---.

Los Angeles Chamber of Com 
merce Bldg., eleventh floor 
accelerograph:

N. 40° E.-S. 40° W---------

X. 50° W.-S. 50° E_. ._____.

Hollywood Storage Co. Bldg., 
adjoining lot accelerograph:

North-south

Hollywood Storage Co. Bldg., 
basement aceelerograph: 

Vertical......

Hollywood Storage Co. Bldg., 
penthouse accelerograph.

Earth- 
wave 
period

Seconds

0.79 
0.70 
0.78 
0.58

Irregular 
Irregular

0.19 
0.15 
1.23 
1.08 
0.35 
1.28 
1.02

Irregular 
1.28 
0.40 
1.57 

Irregular

O.E4 
0.40 
0.38 

Irregular 
1.98 
0.44

1.35 
0.53

Maximum 
acceleration

Cm.jsec.i

2 
5 
2 
2

1- 
1-

1- 
1 _
4 
1 _
1- 
2 
1

1- 
^ _
1 
^ _
1-

1- 
1 
1 
2- 
2- 
1

8 
5

Maximum 
displace 

ment

Cm.

0.04 
0.06 
0.03 
0.02

0.001- 
0.001- 
0.15 
0.02 
0.02 
0.07 
0.03

0.029 
0.004 
0.06

0.004 
0.004 
0.004

0.15 
0.005

0.35 
0.036

Remarks

Train of regular waves. 
Do. 

Rather irregular. 
Do.

Long train. 

Irregular.

Vertical record lost.

Train of regular waves. 
Do.

IMPERIAL VALLEY AFTERSHOCK OF MAY 19

El Centro accelerograph:

0.064 
0.18 
0. 16 
0.092 
0.18 
0.17 
0.17

3 
1 
2 
2 
2 
2 
1

0.001 
0.001 
0.001 
0.001- 
0.002 
0.002 
0.001

Two more aftershocks on this 
accelerogram. Insignificant on 
all components.

Rather long wave train.

NORTHERN CALIFORNIA EARTHQUAKE OF SEPT. 27

Ferndale accelerograph:

Northeast-southwest. -

0.31 
0.26 
0.44 
0.31 
0.20 

Irregular 
0.45 
0.44 
0.29 

Irregular

6 
2 
7 
3 
6 

15 
3 
3 
3 

17

0. 015 
0.003 
0.036 
0.008 
0.006

0.017 
0.016 
0.007

Maximum at start of record. 

Maximum at start of record.
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TABLE 2. Summary of strong-motion seismograph data for the year 1940 Con.
SANTA MONICA BAY EARTHQUAKE OF OCT. 10

Station and component

Hollywood Storage Co. Bldg., 
adjoining lot accelerograph:

Hollywood Storage Co. Bldg., 
basement accelerograph:

Hollywood Storage Co. Bldg., 
penthouse accelerograph:

Los Angeles Chamber of Com 
merce Bldg., basement ac 
celerograph:

S. 50°E.-N. 50° W-._._.___

S. 40° W.-N. 40° E. ........

Los Angeles Chamber of Com
merce Bldg., eleventh floor 
accelerograph:

S. 40° W.-N. 40° E. ........

N. 50° W.-S. 50° E. ........

Vernon accelerograph:

N.8°E.-S.8°W__ ..........

N. 82° W.-S. 82° E. ........

Earth- 
wave 
period

Seconds

0.27
0. 122

0.37 
0. 2fi 
0.107

 0.40
0.43
0.28 
0.28 
0. 122

0.28 

0.104

0.47
0.120

1.24
0.54 
0.112

0.51
0.49 
0.48 
0.128

0.30
0.31
0.083 
0.34

0.160
0.156

1.12
0.39 
0.37 
0.35 
0.34 
0.95
0.34 
0.33

0.26

0.24

0.31
0.29 
0.27 
0.111

Maximum 
acceleration

Cm./oec.'

0

3

1 
1 
2

2

1 
1- 
1-

2 

1

1

on

3 
2

8 
3 
4

1-

2

4

3 
6 
6 
6

5 
5

4
2

7
15

2
2 
6 
4 

14

Maximum 
displace 

ment

Cm.

0.001

0. 005 
0. 002 
0. 001

0.002
0. 002
0.003 
0. 002 
0.001- 
0 002
0.004 

0.001-

0.008
0.001-

0.12
0.021 
0.001-

0.040
0.049 
0.018 
0.002

0.007
0.003
0.001- 
0.003

0.002
0.002

0.060
0.011 
0.021 
0.017 
0.016 
0.025
0.015 
0.013

0.006

0.009

0.005
0.005 
0.010 
0.001

Remarks

In aftershock.

In aftershock, fully recorded. 
S-P=0.4 sec.

Aftershock.

At start of record: possibly prec'cded 
by stronger motion. 

In aftershock.

In aftershock. At beginnins of the 
record.

At beginning of the record. 
In aftershock. Superposed on the 

motion of period 1.24 sec.

amplitude and period.

At beginning of the record. 

In aftershock.

Weak aftershock also recorded.

At beginning of the record .

Do.

At beginning of the record ; possibly
preceded by stronger motion.

Do.
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TABLE 2. Summary of strong-motion seismograph data for the year 1940 Con.
EARTHQUAKE OF OCT. 22, NEAR CAPE MENDOCINO

Station and component

Ferndale accelerograph :

Earth- 
wave 

period

Seconds

0.69
0.27 

0.74
0.33

Maximum 
acceleration

Cm. /sec.'1 
2

2
2 

2
2

Maximum 
displace 

ment

Cm.

0.024
0.004 

0.028
0.006

Remarks

preceded by stronger motion.

Superposed on longer period mo 
tion.

SANTA MONICA BAY EARTHQUAKE OF OCT. 31

Los Angeles Chamber of Com 
merce Bldg. basement ac 
celerograph:

S. 50° E.-N. 50° W... ___.__.

S. 40° W.-N. 40° E. ........

Los Angeles Chamber of Com 
merce Bldg. eleventh floor 
accelerograph:

S. 40° W.-N. 40° E. ........
N. 50° W.-S. 50° E. ........

Irregular 
0.17 

Irregular 
0. 14 

Irregular 
0.13 
0. 16

0.15

Irregular 
Irregular 

0.20

1 
1- 
2 
2 
1 
1 
1

5

3 
3 
3

0.001-

0.001

0.001- 
0.001

0.003

0.003

At beginning of the record. Pos 
sibly preceded by stronger mo 
tion. A train of smooth waves.

EARTHQUAKE OF NOV. 16 NEAR CAPE MENDOCINO

Ferndale accelerograph:
0.43 
0.40 
0.33

0.55 
0.45 
0.33 
0.18 
0.17 
0. 14

0.39 
0.34 
0.16

3 
2 
4

2 
2 
4 
5 
4 
4 
9

5 
5 
7 

16

0.015 
0.008 
0.011

0.017 
0.009 
0.011 
0.004 
0.003 
0.002

0.018 
0.014 
0.004

Shorter period motion superposed 
on these waves.

At beginning of the record. Pos 
sibly preceded by stronger 
motion. Period indeterminate.

At beginning of the record. Period 
indeterminate.

EARTHQUAKE OF NOV. 19 NEAR CAPE MENDOCINO

Ferndale accelerograph:
0.24 

Irregular 
0.38 
0.36

0.69 
0.66 
0.42 
0.23 
0.17 
0.134

4
n

8 
13 
37

2 
3 

12 
8 

16 
7

0.005

0.029 
0.043

0.023 
0.036 
0.054 
0.011 
0.011 
0.003

At beginning of the record. Pos 
sibly preceded by stronger 
motion. Period indeterminate.
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TABLE 2. Summary of strong-motion seismograph data for the year 1940 Con.
EARTHQUAKE OF DEC. 20, NEAR CAPE MENDOCINO

Station and component

.Ferndale accelerograph:

Northeast-southwest. _

Eureka accelerograph: 
Vertical...--..... ___ ....

North-south... __ . _ ....

Eureka displacement-meter: 
North-south _ .... .... ....

Earth- 
wave 
period

Seconds 
1.37
0.52 
0.31 
0.92± 
0.82 
0.43 
0.89
0.87 
0.26±

0.34

0.93
0.49 
1.12
1.08

4.51
2.54 
1.89 
2.40
2.03 
1.78

Maximum 
acceleration

Cm ./see. 2 
2

13 
10 
13 
20 
34 
16
5 

34

2
3

2
4

2

1-
1 
1

1- 
1

Maximum 
displace 

ment

Cm. 
0.11
0.090 
0.024 
0.27 
0.34 
0.16 
0.32
0.098 
0.058

0.005

0.039
0 023 
0. 14
0.053

0. 15
0.19 
0.10 
0.22
0.07 
0.11 
0.27
0.21

Remarks

Only 1 wave. 
At beginning of the record.

 

Do.

Shorter period motion superposed.

MONTANA EARTHQUAKE OF DEC. 23

Helena accelerograph (Carroll 
College):

0 29
0.150 
0.35
0.191 
0.154 
0.36
0.132

44
8

30 
64 

3
23
CO

0.004
0.025 
0.025
0.028 
0.038 
0.011
0.010

At beginning of the record.

TABLE 3. Instrumental constants of strong-motion seismographs in 1940
EARTHQUAKE OF JAN. 12 IN THE LOS ANGELES REGION

Station, instrument, and 
paper speed

0.886 cm./sec.

Orientation of instru 
ment i

S. 8° W.-N.8°E.__. 
N. 82°W.-S. 82° E..

Pendu 
lum 

period

Sec. 
0.100
0.100 
0.097

Static 
magnifi 
cation

106
107 
107

Sensitiv 
ity 2

Cm. 
2.63
2.55 
2.60

Damping 
ratio

8
6
7

Instru 
ment 

number

V-66
L-G4 
T-65

IMPERIAL VALLEY EARTHQUAKE OF MAY 18

0.217 cm./sec.

N.-S. ...............
E.-W--. ............

E.-W... ------ ......
S.-N. ...............
NE.-SW.. ..........
NW.-SE. ...........

0.095
0.099
0.100
0.096
0.100
0.100
0.19
0.19

109
110
106
103
106
108

7.66
7.79

2.48
2.74
2.69
2.40
2.68
2.74
0.70
0.71

9
8
7
8
9
8
2.1
2.1

V-55
L-56
T-57
V-70
L-71
T-72
R
L
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TABLE 3. Instrumental constants of strong-motion seismographs in 1940 Con.

IMPERAL VALLEY EARTHQUAKE OF MAY 18 Continued

Station, instrument, and 
paper speed

Los Angeles Subway Termi 
nal Bldg.: 3

No. 38; 1.155 cm./sec.

sec.

graph No. 39; 1.016 cm./ 
sec. 

Los Angeles Chamber of Com 
merce Bldg.: s

No. 21; 1.179 cm./sec.

graph No. 22; 1.182cm./ 

Hollywood Storage Co. Bldg.: '

graph No. 41; 0.965

Orientation of instru 
ment 1

S. 51° E.-N. 51° W._ 
S. 39° W.-N. 39°E._ 
N. 39° E.-S. 39° W-.
S. 51° E.-N. 51° W-.

S. 39° W.-N. 39° E__ 
N. 51° W.-S. 51° E_.

P. 50° E.-N. 50° W-. 
S. 40° W.-N. 40° E-.

S. 40° W.-N. 40° E.. 
N. 50° W.-S. 50°E..

E.-W
S.-N. ....... ........

E.-W ...............
S.-N. ..... ..........

S.--N. ...............
W.-E. ..............

Pendu 
lum 

period

Sec. 

0.098
0.096 
0.098 
9.8
9.8

0.100
0.100 
0.100

0.098
0.100 
0.097 
0.099
0.098 
0.100

0.101
0.103
0.100
0.099
0.095
0.100
0.101
0.104
0 099

Static 
maenifi- 
cation

77
79 
76 

1.14
1.14

81
81 
80

108
105 
104 
107
105 
107

77
83
77
81
82
81
82
77
80

Sensitiv 
ity 2

Cm. 

1.86
1.85 
1.85

2.06
2.04 
2.03

2.63
3.67 
2.48 
2.66
155 
2.71

2..00
2.22
1.95
2.02
1.87
2.06
2.12
2.11
1.99

Damping 
ratio

9
10 
10 

9
10

11
10 
11

10
10 
12 
12
10 
9

9
10
10
9

10
10
10
8

Instru 
ment 

number

V-lll
L-91 
T-101 
R
L

V-112
L-92 
T-102

V-28
L-9 
T-26 
V-25
L-3
T-18

V-114
L-94
T-104
V-115
L-95
T-105
V-113
L-93
T-103

IMPERIAL VALLEY EARTHQUAKE OF MAY 19

El Centro; accelerograph No. 
4; 1.086 cm./sec. N.-S- ........... ....

E.-W. ..............

0.095 
0.100 
0.100

109 
110 
106

2.51 
2.79 
2.69

9 
10 
10

V-55 
L-56 
T-57

NORTHERN CALIFORNIA EARTHQUAKE OF SEPT. 27

Ferndale; accelerograph No. 
28; 1.071 cm./sec. SW.-NE...... ......

NW.-SE. ...........

0.097 
0.096 
0.099

102 
114 
108

2.43 
2.66 
2.68

9.5 
8.5 

10

V-10
IrA
T-15

SANTA MONICA BAY EARTHQUAKE OF OCT. 10

1.175 cm./sec.

Los Angeles Ch amber of Com 
merce: s

No. 21; 1.166 cm./sec.

graph No. 22; 1.141 
cm./sec. 

Hollywood StorageCo. Bldg.: 3 
Adjoining lot accelero

graph No. 41; 0.985
cm/sec.

Basement accelerograph
No. 42; 1.067 cm./sec.

Xo. 40; 1.229 cm./sec.

S. 8° W.-N. 8° E.... 
N. 82° W.-S. 82° E..

S. 50° E.-N. 50° W_. 
S. 40° W.-N. 40°E__

S. 40° W.-N. 40° E.. 
N. 50° W.-S. 50° E..

Up-down.. ._. .__.
E.-W...............
S.-N--   .       
Up-down.... ._....
E.-W...............
S.-N--.. 

S.-N... .
W.-E_____ .....

0.100
0.101 
0.097

0.099
0.100 
0.098 
0.100
0.099 
0.100

0.102
0.103
0.100
0.100
0.096 
0.100
0.098
0.102
0.097

107
104 
110

109
106 
104 
108
105 
108

77
81
77
81
82 
80
81
77
81

2.71
2.69 
2.61

2.70
2.70 
2.54 
2.74
2.61 
2.74

2.03
2.17
1.96
2.05
1.90 
2.03
1.97

1.93

8
6 
9

10
10 
10 
10
10
8

8
9

10
8

10 
10

g

8

V-66
L-64 
T-65

V-28
L-9 
T-26 
V-25
L-3 
T-18

V-114
L-94
T-104
V-115
L-95 
T-105
V-113
L-93
T-103
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TABLE 3. Instrumental constants of strong-motion seismographs in 1940 Con.
CAPE MENTDOCINO EARTHQUAKE OF OCT. 22

Station, instrument, and 
paper speed

28; 1.075cm./sec.

Orientation of instru 
ment '

SW.-NE-     --
NW.-SE        

Pondu- 
lum 

period

Sec. 

0.097
0.099
0.098

Static 
magnifi 
cation

102
114
108

Sensitiv 
ity 2

Cm. 

2.43
2.82
2.63

Damping 
ratio

10
9

10

Instru 
ment 

number

V-10
L-4
T-15

SANTA MONICA BAY EARTHQUAKE OF OCT. 31

Los Angeles Chamber of Com
merce: 3

No. 21; 1.198cm./scc.

graph No. 22; 1.138 cm./
sec.

S. 50° E.-N. 50° W-
S. 40° W.-N. 40°E..

S. 40° W.-N. 40° E_.
N. 50° W.-S. 50° E_.

0.099
0.100
0.098
0.099
0.097
0.100

109
106
104
108
105
108

2.70
2.70
2.54
2.68
2.51
2.74

10
10
10
10
10
8

V-28
L-9
T-26
V-25
L-3
T-18

CAPE MENDOCINO EARTHQUAKES OF NOV. 16 and 19

Ferndale; accelerograph No. 
28; 1.062 cm./sec. Nov. 16; 
1.407 cm./sec. Nov. 19.

Up-down. 
SW.-NE.. 
NW.-SE.

0.097
0.098
0.099

102
114
108

2.43
2.76
2.68

V-10
L-4
T-15

CAPE MENDOCINO EARTHQUAKE OF DEC. 20

28; 1.079 cm./sec.

Eureka: 3

0.923 cm./sec.

SW.-NE............
NW.-SE............

E.-W... ......... ...
S.-N. ............ ...
S.-N. ...............
W.-E_   ...........

0.098
0.098
0.098

0.099
0.099
0.099
9.90
9.87

102
113
110

102
110
111

1.14
1.14

2.48
2.76
2.68

2.53
2.72
2.76

11
10
11.5

10
11

9
9.5
9.4

V-10
L-4
T-15

V-29
L-13
T-8
R-13
L-13

MONTANA EARTHQUAKE OF DEC. 23

S.-N. . ..............
W.-E--  -------

0.099
0.099
0.102

76
81
81

1.89
2.01
2.13

9
11.5
9.5

V-135
L-133
T-134

1 The direction on the left ("Up" in the first case) indicates the direction of pendulum displacement rela 
tive to instrument pier which will displace the trace upward on the original seismogram.

2 The sensitivity is the number of centimeters on the seismogram that corresponds to 100 cm./sec. 2 of ac- 
cleration. The deflection corresponding to 1/10 gravity may be obtained by multiplying the sensitivity 
tabulated by 0.98. (See p. 37.)

3 Instruments at this station are wired to start simultaneously.

STRONG-MOTION SEISMOGRAPH STATIONS, 1940

The following changes should be made in the list of strong-motion 
seismograph stations, table 6, in Serial 637, United States Earth 
quakes, 1939, to cover the year 1940:

The Weed strong-motion seismograph was removed from the Golden 
Gate Park station in November 1939 and placed in operation in the 
Courthouse at Hollister in June 1940. Coordinates of Courthouse: 
Latitude, 36°51.14' north, longitude, 121°24.21 / west.

A new 12-inch accelerograph with experimental displacement-meter 
was installed at the Golden Gate Park station in San Francisco in 
April 1940.
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The station descriptions referred to in Serial 637 cover all of the 
places at which records were obtained in 1940.

TILT OBSERVATIONS

Three Merritt tiltmeters, described in Special Publication 201, 
Earthquake Investigations in California, 1934-1935, were kept in con 
tinuous operation at Berkeley with the cooperation of the University 
of California. Figure 17 summarizes the observational data in 
graphical form. Six earthquakes were felt at Berkeley during the 
year but no unusual changes in tilt were recorded before or after 
the shocks.



ANALYSIS OF THE EL CENTRO ACCELEROGRAPH RECORD OF THE 
IMPERIAL VALLEY EARTHQUAKE OF MAY 18, 1940

In addition to the analysis of the El Centre record given in table 2 
the record was analysed by using methods of integration which pro 
duce the corresponding velocity and displacement curves. In view 
of results obtained in accelerometer shaking-table tests, and the na 
ture of the adjustments necessary in the El Centre analysis, it is be 
lieved that the range of the computed displacement error does not 
exceed 2 or 3 centimeters. Such errors are of long period or un 
dulating type and are associated with accelerations of extremely 
small magnitude. The details of the integration process and the 
difficulties encountered are explained in a special report, MSS-9, 
entitled "Analysis of the El Centre Accelerograph Record of the 
Imperial Valley Earthquake of May 18, 1940." Practically all of 
the material in this section, including illustrations, is taken from 
that report.

Fig. 18 shows the first 30 seconds of the three acceleration curves 
after separating them. Overlapping of the original curves was quite 
serious as will be seen in figure 9 and the separation was made with 
difficulty. The record therefore marks the maximum intensity which 
accelerographs with the present constants may be expected to record 
legibly. Steps are under way at this writing to test the feasability 
of reducing their sensitivity.

The computed velocity curves, obtained by one integration of the 
acceleration curves, are shown in figure 19. The curves have been 
corrected for wanderings due to accelerometer pendulum zero shifts 
which cause occasional abrupt changes in the direction of the axis 
of unadjusted velocity curves. Figure 20 shows the computed dis 
placement curves obtained by integrating the velocity curves in figure 
19. It is apparent from the computed curves that one of the greatest 
advantages in such work is the acquisition of data on the longer period 
waves which are almost totally obscured on acceleration records.

The analysis includes (1) a study of resultant horizontal motion 
diagrams, (2) study of longitudinal and transverse motions, (3) study 
of horizontal motion along polar coordinates rotational motion, (4) 
a study of dominant periods, and (5) the construction of period- 
amplitude diagrams showing the envelopes for all three elements for 
periods from 0.1 to 10 seconds.

Resultant horizontal motion. The resultant acceleration graph, fig 
ure 21, was plotted for the first 3 seconds only but it covers the period 
of maximum acceleration and it is assumed that it is characteristic 
of the accelerations which follow. The figures on the curve show the 
elapsed time from the start of the record in units very close to 0.1 
second. It is rather noticeable that the first big loop has its major 
axis in the direction of the epicenter but in the next two circuits there 
ib a shifting toward a north-south direction. This is an interesting

58
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FIGURE 18  Tracings of El Centre aocelerograph record of the Imperial Valley 
earthquake of May IS 19-10.
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phenomenon which may conceivably be due to a tendency of the 
vibrations to line up with the major axis of the Imperial Valley.

The maximum resultant acceleration is about 350 cm./sec. 2 and is 
associated with a wave of about 0.4-second period between 19 and 23, 
figure 21. The motion in the opposite direction of this "loop" is only 
£50 cm./sec. 2 , making the mean acceleration for this unsymmetrical 
cycle only about 300 cm./sec.2 A more symmetrical cycle with accel 
eration in both directions of 250 cm./sec.- follows immediately. Its 
period is about 0.22 second. In the first of these loops the correspond 
ing velocity and displacement (using the average acceleration) would

I-'icntK 11). Velocity eiirvi-s computed from the Kl ("Yiilro fuceleiation record of tlie 
Imperial Valley earthquake of May IS. 10-10.

be 19 cm./sec. and 1.3 cm. respectively; in the second loop. 9 cm./sec. 
and 0.3 cm., respectively.

The i-exnltdnt velocity graph, figure 21, covers a period of G seconds, 
and each figure on the curve represents the interval in tenths of seconds, 
approximately, from the start. If we accept velocity magnitude as 
a function of the energy released, the graph would indicate that 
the greatest energy was being expended about 2.1 seconds after the 
Ftart of the record in a generally northwest-southeast direction. The 
maximum velocity range, for any cycle appears to have occurred 
between 1.6 and 2.1 seconds after the start. This can be interpreted 
as indicating that the maximum energy was associated with a period
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slightly over 0.5 second. This period also stands out clearly in the 
investigation of rotational characteristics later on.

The maximum resultant velocity is 59 cm./sec. but this high value 
is obviously the result of the superposing of two or more waves on 
each other. One of them is a wave of about 0.4-second period for 
which an average velocity of 24 cm./sec. may be measured if we con 
sider that segment of the graph between 19 and 23 as a cycle. This

FIGUKE 20. Displacements curves computed from the El Centro acceleration record of the 
Imperial Valley earthquake of May 18, 1940.

quantity is variable depending upon just how it is measured. 19 
cm./sec. was computed from the resultant acceleration graph for the 
same epoch. The nature of the motion on which this wave is super 
posed and which raises the resultant velocity to such high value is so 
complex that it is not posisble to assign any period to it on the strength 
of what appears on the graph. The longitudinal velocity wave (not 
reproduced here) reveals that it is a wave of about 2.5- or 3.0-seconds 
period with a maximum velocity of about 35 cm./sec. (This is also
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a "rotation period" described under the section on rotational charac 
teristics.) This velocity added to the 24 cm./sec. for the superposed 
wave would account for the resultant velocity of 59 cm./sec.

The resultant displacement graph is shown in figure 22 for a period 
of 29 seconds and is timed in the same manner as the two preceding 
graphs. A somewhat more precise version of this graph for the 
first 12 seconds is shown in the original report. Figure 22 shows the
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nature of the major displacements rather than details needed to make 
comparison studies of the various graphs.

The maximum displacement is about 21 centimeters. The period is 
best shown on the longitudinal component and may be taken as 3.2 
seconds. The corresponding velocity would be about 42 cm./sec. 
which ties in well with the general range of velocities at the start of 
the resultant velocity curve. The corresponding acceleration would 
be about 80 cm./sec.2 This is about one-fourth the amplitude of the 
superposed short-period accelerations, a ratio which is borne out by 
inspection of the acceleration curves.

FIGURE 22. Resultant horizontal displacement, Imperial Valley earthquake of
May 18, 1940.

Vertical motion. No attempt was made to combine the vertical 
motion with the horizontal to determine the nature of the vertical 
motion relative to the horizontal. An inspection of the acceleration 
record shows little tendency for the period to deviate widely from 
0.10 second. In the early part of the record there are a number of 
turning points indicating periods as low as 0.03 second but they seem 
insignificant. The maximum vertical acceleration, 0.8 second after 
the start of the record is about 220 cm./sec.2, and is associated with a 
period of 0.102 second. From the resultant horizontal acceleration 
graph it will be noted that this occurs while the horizontal accelera-



64 U. S. COAST AND GEODETIC SURVEY

tions are only about one-fourth their maximum value. At this point 
it is difficult to associate the vertical with the horizontal motion be 
cause of the longer periods in the latter. This is also true when the 
horizontal acceleration reaches maxima between 1.8 and 2.5 seconds 
after the start. Here the vertical motion is of relatively small mag 
nitude. Although waves of 0.11-second period are recorded on the 
horizontal acceleration records they are of generally small magnitude 
as compared with the vertical motion of the same approximate period, 
and no definite relation between them is readily evident.

With reference to the computed vertical velocity curve it is possible 
that further study may reveal some interesting relations between hori 
zontal and vertical motion but as the vertical velocities are roughly 
only about one-fifth the magnitude of the horizontal, there would 
seem to be but little engineering significance in any relation which 
might be found. This is also true to a large extent of the vertical 
displacement. It is of interest to note that for the slow movements 
shown on the vertical displacement curve the high points appear when 
the displacement is in a northeasterly direction, and the low points 
when it is in a southwesterly direction. This, being associated with 
the longer periods, is of interest in the study of seismic wave theory. 
It is possible that a slow vertical motion along the fault is indicated.

Longitudinal and transverse motion. With the aid of the resultant 
motion diagrams the motions were resolved along axes representing 
longitudinal and transverse motion with respect to the epicentral di 
rection. This, according to theory, should simplify analysis of the 
motion by breaking it down into waves of purely longitudinal and 
transverse types. Unless seismograph pendulums are oriented end- 
on with respect to an epicenter the records contain some motion of 
each type. The curves, which cover the same period of time as the 
resultant motion curves, are not reproduced in this publication.

Periods of 0.11,0.20, and 0.50 second were read from the longitudinal 
acceleration curve; 0.20, 0.30, and 0.50 second from the transverse.

Periods of 0.20 and 0.50 second were read from the longitudinal ve 
locity curve, and 0.20,0.30,0.50,0.70 (?), and 1.0 second from the trans 
verse.

On the displacement curves periods of 0.7 (?), 1.0, 2.0, and 2.9 were 
read from the longitudinal component, and 0.7,1.0, 2.0,2.5 (?), 6.0, and 
10.5 seconds from the transverse. All of these periods are later 
summarized for comparison with other readings.

This study of the El Centre records seems fruitful in showing that 
even when a station is as close as 7 miles to an epicenter, and still 
closer to a moving fault, the ground motion still preserves strong 
longitudinal and transverse characteristics and that fundamental 
ground periods can be measured best when these two components of 
motion are observed or computed.

. Rotational motion. Resultant horizontal motion graphs can be used 
not only to determine the motions along any system of rectangular 
coordinates, as previously stated, but they can also be used to study 
rotational motions by resolving the resultant motion along polar 
coordinates. This furnishes a means of showing independently the 
magnitude and direction of the motion at any instant for any element 
of motion. The symmetrical nature of the magnitude and direction
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curves clearly indicates the existence of certain definite periods and 
it will be shown in the following paragraphs that these periods tie 
in almost identically with the dominant periods obtained previously 
from the longitudinal and transverse components.

In the case of rotational motion we must distinguish between the 
time required for the earth particle to make one complete rotation 
(rotation period) and the time required to complete a cycle (cycle 
period). It appears from the illustration that the earth particle 
may make several revolutions in one direction and then reverse itself, 
in the manner of a torsion pendulum. The rotation of the earth 
particle seems to be a natural consequence of the fact that the resultant 
motion is primarily a combination of oscillatory ground waves in 
which the earth particle motions are at right angles to each other.

Periods. There seems to be no reason why the periods shown on 
the magnitude curves should not be true periods of ground waves, 
for similar waves would be obtained from the resultant horizontal 
motion graph of a simple longitudinal or transverse wave.

The acceleration magnitude curve shows dominant periods of 0.11 
and 0.52 second. There is some evidence of a 0.15 second wave, but 
this is disregarded because of variations above and below that value. 
On the acceleration direction curve there is a rotation period of 0.5 
second near a reversal of direction. At the highest rotational speed 
the rotation period is about 0.15 second. The cycle period, or inter 
val between a reversal in the same direction, is about 2.6 seconds.

On the velocity magnitude curve dominant periods are 0.54 and 
0.20 second. If we accept velocity amplitudes as a measure of wave 
energy, then the 0.54 second wave must be accepted as the most 
energetic of the group.

On the velocity direction curve the rotation period is between 2.5 
and 3.0 seconds. A complete cycle is not indicated within the 6 
seconds of the record worked up.

On the displacement magnitude curve, dominant periods of 1.0 
and 2.0 seconds are present. The direction curve indicates a rotation 
period of 10 seconds and a cycle period of about 25 seconds.

None of the periods obtained in the study of rotation effects were 
used in the period graphs discussed later.

Dominant periods. The following is a summary of all dominant 
periods previously stated as having been found on the longitudinal 
and transverse components, and on the magnitude and direction curves 
for limited periods of time. In all cases the maximum motions are 
included. In appraising the summary it should be remembered that 
minor errors are bound to creep into this type of work because of 
the limited number of points plotted for the various curves, and for 
other reasons, so that a tolerance of one, two or three digits in the 
last place for the tabulated periods must be allowed, the larger tol 
erances of course applying to the longer periods.

The following is a list of the dominant periods recorded, with the. 
sources from which they were obtained:
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Period Curves from which obtained
0.11 second______ Longitudinal acceleration, acceleration mag 

nitude, and vertical acceleration; 3 sources.
0.20 second______ Longitudinal and transverse acceleration, lon 

gitudinal and transverse velocity, and ve 
locity magnitude; 5 sources.

0.30 second______ Transverse acceleration and velocity; 2
sources.

0.53 second______ Longitudinal and transverse acceleration,
longitudinal and transverse velocity, ac 
celeration magnitude and direction, and 
velocity magnitude; 7 sources.

0.7? second_____ Transverse displacement; weak on transverse
velocity and longitudinal displacement; 3 
sources.

1.0 second______ Transverse velocity, longitudinal and trans 
verse displacement, displacement magni 
tude; 4 sources.

2.0 seconds______ Longitudinal and transverse displacement and
displacement magnitude; 3 sources.

2.5 seconds______ Transverse displacement, acceleration direc 
tion, velocity direction, acceleration "cycle 
period," velocity "rotation period"; 5 
sources.

3.0 seconds- ____ Longitudinal displacement; 1 source.
6.0 seconds______ Transverse displacement; 1 source. 

10.5 seconds  _  Transverse displacement, displacement "rota 
tion period"; 2 sources. 

25. seconds______ Displacement "cycle period."
Period envelopes relation between period and magnitude of mo 

tion. The periods used in this investigation were measured largely 
from the original accelerograph record and the corresponding ve 
locity and displacement curves. In the case of the acceleration data 
in the 0.1- to 1.0-second range, however, envelopes were drawn to 
cover measurements on the computed longitudinal and transverse 
curves. Although there was a definite grouping of periods for the 
longitudinal and transverse readings, the amplitude range did not 
differ materially from that obtained when readings were made on 
the original accelerograph record.

The period-amplitude envelopes are shown in figures 23 and 24. 
Some of the data are based on half periods where the lack of 
symmetry did not justify the measurement of the whole period or 
cycle. Judging by the uniformity of the data in the case of the 1- 
to 10-second curves, the measuring of half periods seems to be satis- 
factoriy where there is a lack of sufficient data to construct an 
envelope. Note that the acceleration envelope obtained from the 
acceleration data is practically the same as that obtained by com 
putation from the velocity envelope based on measurements on the 
computed velocity curves.

In drawing the envelopes separate curves were drawn for the first 
large displacement. This may be considered abnormal with respect 
to the remaining motion, and perhaps with reference to ground
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FIGURE
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Period in seconds

23. Envelopes showing maximum values of all elements of motion for periods 
under 1.0 seconds. Imperial Valley earthquake of May 18, 1940.
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FIGURE 24. Envelopes showing maximum values of aJl elements of motion for periods 
up to 10 seconds. Imperial Valley earthquake of May 18, 1940.
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movements at points at greater distances than El Centre from the 
epicenter and fault. It is becoming more and more evident, how 
ever, that this outstanding displacement of relatively long period 
is typical of records obtained at short epicentral distances.

It will be noted that the maximum motions shown on the envelopes 
are always considerably less than the maximum movements shown on 
the resultant motion graphs. This is due to the fact that the resultant 
maxima are practically always a result of the superposing of two or 
more waves of different periods. In the section on horizontal motion 
graphs, it was shown quantitively how resultant maxima could be 
accounted for by combining waves of different periods.

The following table showing the maximum, motions for the various 
period waves at El Centre, is based on the envelopes in Figs. 23 
and 24:

Periods less than 1.0 second

Period (sec.)_________ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Acceleration (cm./sec.3)_ 120 300 320 320 320 260 210 160 130 120
Velocity (cm./sec.)_____ 2 10 15 20 25 25 23 20 18 20
Displacement (cm.)____ 0.03 0.3 0.8 1.3 2.0 2.4 2.6 2.7 2.7 3.0

Periods from 1.0 to 10.0 seconds

Period (sec.)_________________ 1 2 3 4 5678 9 10
Acceleration (cm./sec.3 )__________ 120 65 50 50 11 8 6 5 4 2
Velocity (cm./sec.)_____________ 20 21 25 30 18 8 7 7 8 8
Displacement,cm.)______________ 3 6 12 19 13 7 7 9 11 13



A REVISED ANALYSIS OF THE HELENA, MONT., ACCELEROGRAM OF
OCTOBER 31, 1935

In Serial 600, United States Earthquakes, 1935, the report on the 
analysis of the Helena accelerogram of October 31, 1935, included 
results obtained by double integration. The results were admittedly 
not satisfactory, and further investigation was promised. It has since 
been learned from shaking table tests made with the cooperation of the 
Massachusetts Institute of Technology that the major difficulty was the 
result of semipermanent shifts in the zero positions of the accelerometer 
pendulums, a condition suggested as a probable cause in the 1935 pub 
lication. It is now quite well established that errors in the displace 
ment computation may be anywhere from 0 to 1 or 2 centimeters (single 
amplitude), seldom reaching the maximum value unless instrumental 
performance is below normal.

In reprocessing the Helena records only the first 17 seconds were used 
because that portion contains all of the motion of engineering signifi 
cance. The original scalings, measured from an enlargement made 
with a lantern projector, were used in the revision. Although it was 
known from the Massachusetts Institute of Technology shaking table 
tests that a certain amount of heat distortion resulted from the use 
of the projector, it was felt that the original readings would be satis 
factory because such distortion effects are largely eliminated when axis 
adjustments are as frequent as in the case of the Helena record of 
October 31. A time increment of 0.0565 second was used, the total 
number of increments being 300.

North-south component Test with torsion pendulu/m analyzer.  
The velocity curves in figure 25 show the final axes used in the com 
putation of displacement. In the case of the north-south component 
the displacement was determined in 1936 with a torsion pendulum 
analyzer,1 an experimental apparatus designed to mechanically com 
pute the response of a simple oscillator to accelarations imposed on its 
support. The present revision afforded a means of comparing the 
two methods. Unforeseen circumstances somewhat vitiated the value 
of the comparison although the broader purpose was realized. The 
total range of displacement, for instance, was within the possible range 
of error expected in results obtained by double integration; and sec 
ondly, the instrumental performance was not up to standard because of 
an accident to the accelerometer in transit from the west coast and 
the emergency character of the installation. A number of velocity 
curve axis adjustments were accordingly necessary before a displace 
ment curve was obtained which corresponded with some degree of 
fidelity to the torsion pendulum curve. The north-south displacement 
curve shown in figure 26 corresponds closer than any other to the

1 A Mechanical Method of Analyzing Accelerograms, by Frank Neumann. Transactions 
American Geophysical Union, Part 1, 1936, pp. 111-115.
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curve obtained with the torsion pendulum analyzer. The other curves, 
not reproduced here, come well within the expectable limit of error 
revealed in the Massachusetts Institute of Technology shaking table 
tests.

East-west component permanent displacement. Recomputation of 
the east-west component revealed a set of conditions which in all 
probability must be interpreted as permanent displacement. In the 
unadjusted east-west velocity curve, figure 25, the first condition to 
be satisfied in determining the true axis was that the axis in each 
segment of the curve must tentatively pass through the point repre 
senting the mean, centrally placed orclinate of the curve in that seg 
ment, and also connect with the axes of adjoining segments. This 
is found to be the only practicable basis on which to work even though 
the resulting displacement curve is distorted by forcing those points 
where axis shifts occur to roughly align themselves along an axis 
drawn through the starting point of the displacement curve. This 
alinement is due to the fact that the sums of the positive and negative 
areas in each velocity curve segment are approximately zero, thus 
making the displacement difference between the beginning and end 
of each segment also zero. After a curved axis is arbitrarily drawn 
through the distorted displacement curve (assuming oscillatory mo 
tion about a central axis) the relation of these critical points to the 
starting point of the curve is known, and final adjustment of the 
velocity curve axis is made to fit the new conditions. Although fre 
quent zero shifts of the accelerometer pendulum tend to destroy the 
validity of displacement computations, it has been learned from shak 
ing table tests and from experience that unusually large errors in dis 
placement are associated with obvious abnormalities in the velocity 
curves and can therefore usually be detected. In other words, expe 
rience has shown that, within certain known limits of error, displace 
ment curves representing oscillations about a central axis can be ob 
tained by selecting velocity curve axes which produce a normal type 
of velocity curve, that is, a curve which in itself represents oscilla 
tions about a smooth central axis. But the Helena east-west compo 
nent proved to be an exception to this rule.

Permanent displacement in the east-west component is indicated 
by an abnormal (unadjusted) velocity curve abnormal because it is 
not possible to make a linear axis pass through or close to the mean, 
centrally placed ordinate of the first segment, and still satisfy end 
conditions reasonably well. But a reasonable axis can be drawn 
through the first segment provided the "mean" requirement is ignored. 
This indicates permanent displacement because there is a definite 
velocity in one direction which is not compensated. On the east-west 
component, figure 25, the mean ordinate of the first segment is indi 
cated by the center of the small circle above the axis. The axis in 
this case was chosen to fit what were assumed to be the most probable 
beginning and end conditions in the first segment. A strong point in 
favor of the permanent displacement interpretation is that the excess 
velocity in one direction is coincident with the maximum velocity wave 
which represents the maximum energy of the ground motion. It is 
logical to expect that when a permanent displacement occurs it is 
associated with the maximum energy wave.
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In considering whether the apparent presence or absence of per 
manent displacement may be due to frequent shiftings of accelero- 
meter pendulum zero positions, it should be stated that permanent 
displacement does not call for a change in the average ordinate of 
the acceleration curve while the displacement is in progress. The 
presence of freak shifts in the acceleration curve which are of such 
nature that the positive and negative deviations will exactly balance 
within a definite time limit is extremely unlikely. This argument also 
holds true for errors of measurement.

The displacement curve, figure 26, shows the nature and magni 
tude of the permanent westerly displacement as based on the hypoth 
esis just explained. It was obviously fortunate that the accelero-

FIGURE 25. Velocity (unadjusted) computed from the Helena, Mont., acceleration record
of October 31, 1935.

graph operated so soon after the onset of the weak preliminary tre 
mors ; otherwise this part of the ground motion would have been lost. 
In most cases the early part of the ground motion is lost because it 
is necessary to adjust the starting pendulums to a low sensitivity in 
order that local artificial disturbances will not set the accelerographs 
in motion.

In the case of the vertical motion displacement curve. Figure 26, 
a drop of less than one centimeter is indicated if that part of the 
curve between 3 and 8 seconds is accepted as representing a new 
"zero" position. In view of the uncertainty attached to the slow 
drifting movement appearing in the curve at this time such a conclu 
sion is plausible. Similarly a northward slip of about a half centi 
meter may be indicated on the north-south component.
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Quantitative analyses. The quantitative results previously repre 
sented in Serial 600 remain substantially unchanged. The value of 
this revision chiefly concerns the true form of the displacement curve. 
This is governed very largely by motions in which the accelerations 
are too minute to be of engineering significance or to influence the

I South
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FIGURE 26. Displacement computed from the Helena acceleration record of October 31,
1935.

form of waves of relatively short period. In view of the small am 
plitudes involved and the magnitude of probable displacement errors, 
there is danger that any further detailed analysis may lead to mis 
leading conclusions.



ADDITIONS AND CORRECTIONS TO PREVIOUS PUBLICATIONS

1934: Correction to instrumental constant. In Serial 593, United 
States Earthquakes, 1934. At top of page 91 change orientation of 
the Santa Barbara accelerograph to read NE.-SW. and SE.-NW. 
instead of S.-N. and E.-W.

1934-39: Correction to instrumental constants. For the years 1934 
to 1939, inclusive, change listed orientations of the Vernon pedulums 
to read "up," S. 8° W., and N. 82° W., for upward motions of the 
light spots, for the vertical, longitudinal, and transverse components, 
respectively.

1934. November 12: See The Earthquakes of 1934 and 1935 in 
Northwestern Illinois and Adjacent Parts of Iowa, by F. M. Fryxell, 
Bulletin of the Seismological Society of America, Vol. 30, No. 3, 
p. 213.

1935. January 5: See preceding reference.
1937. July 22: See The Alaskan Earthquake of July 22, 1937, by 

J. N. Adkins, Bulletin of the Seismological Society of America, Vol. 
30, No. 4, p. 353.

1938. June 23: See The Chelmsford, Massachusetts, Earthquake of 
June 23, 1938, by Daniel Linehan, S. J., Bulletin of the Seismological 
Society of America, Vol. 30, No. 2, p. 99.

1939. January 11: 14:00.* Epicenter revision by Pasadena. 
Change 39.0° north, 119.2° west, to 38.6° north, 119.5° west.

1939, November 13: The Olympic Earthquake of November 13, 
1939, by H. A. Coombs and J. D. Barksdale, Bulletin of the Seismo 
logical Society of America, Vol. 32, No. 1, p. 1.

1938, 1939, 1940: Earthquakes of the Northwestern United States 
and Eastern Canada, by D. Linehan, S. J., and L. D. Leet, Bulletin 
of the Seismological Society of America, Vol. 32, No. 1, p. 11.
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